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Unlimited 
Simplicity. 


The  new  7200*ae  ventilator.  A 

simplified  keyboard.  Easier-to- 
use.  Easier-to-learn.  It's  as  simple 
as  that,  if  you'd  like  to  learn 
more,  that's  easy  too.  Call 
1-800-255-6773. 
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Simply 
Unlimited. 


The  new  7200'ae  ventilator.  A 

powerful  new  microprocessor  for 
graphics,  pressure  control  ventila- 
tion, and  more.  As  always  a  quick, 
easy  upgrade  away.  More  options 
today  . . .  more  tomorrow.  Call 
1-800-255-6773.  It's  that  simple. 
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In  Deveidping  Our  New  pft  System, 
We  Achieved  A  SmallGoal. 


\bu'll  notice  a  sizable  difterence  in  our  new  ML  Compact" 
PFT  system  right  away. 

It  offers  a  full  range  of  tests,  including  flow-volume  loops, 
slow  VC,  MVV,  FRC  via  helium  dilution,  and  single-breath 
DLCO  testing. 

Yet  it's  all  contained  in  a  small,  POcompatihle  package. 
So  it  fits  in  your  office  or  lab  easily 

It  has  a  removable  \alve  block  that  makes  cleaning  and 
sterilization  significantly  easier  (flip  a  lever  and  the  whole 
block  drops  into  your  hand). 

And  it  uses  Microsoft'  Windows  (just  like  our  tuU-size 
MasterLab"),  so  if  you  can  point  and  click  with  a  mou.se,  you've 
cleared  a  major  hurdle  in  mastering  the  system. 


As  for  reports,  with  ML  Compact  you  can  design  them  to 
look  the  way  you  (and  Medical  Records)  want  them  to.  Put 
graphs  and  text  anywhere  —  top,  bottom,  left,  right.  Create  as 
many  formats  as  you  like. 

lb  get  the  big  picture,  give  us  a  call;  we'll  send  a  little 
inforrnation  your  way. 

USA  and  Canada  call  toll  free: 

Domestic  Sales  800/426-0347  Canada  Sales  800/633-2888     - 

2121  Terry  Avenue:  Seattle.  WA  98121-2791 

Telex  3794094  QUINTON  SEA;  FAX  206/223-8465 
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Designed  to  I>elivet^ 

Directly  to  the 


\ 


With  the  AeroVent  device,  you  medicate  without  compromising  the  integrity  of  the  ventilator 
circuitand  without  taking  valuable  time  for  Small  Volume  Nebulizer  (SVN)  hook-ups  or 
circuit  disconnections .  The  AeroVent  device  incorporates  many  design  innovations 
— including  features  of  the  AerochamberJ  aerosol  delivery  system. 


The  AeroVent  device  is  designed  for  convenient  single  patient  use. 


Aerosol  Medications 

^ntilated  Patient. 


4 


The  AeroVent  holding 
chamber  can  be  latched 
when  collapsed  in  the 
circuit,  ready  for  the  next 
time  you  need  to  medicate 
the  patient.  Simply  unlatch, 
expand  the  AeroVent  device 
and  actuate  the  aerosol 
medication  from  the  me- 
tered dose  inhaler  (MDl). 


The  AeroVent  device  includes  a  built- 
in  snap  closure  to  keep  the  AeroVent 
collapsed  while  in  place  and  not  in 
use,  allowing  unrestricted  gas  flow 
through  the  breathing  circuit. 


The  AeroVent  device  has 
been  tested  and  proven 
to  deliver  4.5  times  greater 
deposition  than  a  standard 
SVN  to  the  mechanically 
ventilated  patient.  ' 


•  Fuller  HD.  Doiovich 
MB,  PosmiUick  G,  Wong 
Pack  W.  and  Newhouse 
MT.  Pressurized  Aerosol 
versus  Jet  Aerosol  Deliv- 
ery to  Mechanically 
Ventilated  Patients: 
Comparison  of  dose  to 
the  lungs  Am  Re\ 
RespirDis;  141:440-444 


^^B  ^  3rd  puff- 10  min  4lh  puff-  IS  min 

Graphic  Representation  of  Actual  Lung  Deposition  Data. 


monaghan 


P.O.  Box  2805,  Plattsburgh,  NY  12901 
800-833-9653  /  518-561-7330 
Monaghan  Medical  Corporation     Fax:  518-561-5660 
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Now  Available! 

SURVANIA 

beractant 

intratracheal  suspension 


8  ml  Single  Dose  Vial 

NOC0074-1040-08 


beractant 

intratracheal 
suspension 

Sterile  Suspension 
for  Intratracheal 
"■Administration  Only - 
Not  For  Injection 

00  NOT  SHAKE 
iTOREATrioBX 
r  FROM  LIGHT 


acheal! 


From  Ross  Laboratories- 
Helping  Premature  Babies  Survive 

Please  see  adjacent  column  for  Brief  Summary  of  prescribing  information. 


A8688/1970 

S'  1991  Ross  Laboratories 


COLUMBUS.  OHIO  .aaaie 
Abbgu  Laboraumes  us« 


LITHO  IN  USA 


-ipe  card 


ffii:  9» 


BRIEF  SUMMARY  Please  see  package 
insert  loc  lull  prescribing  inlormalion 

SURVANTA"  (1040) 

beraclanl 

intratracheal  suspension 

Sterile  Suspension  For  Intratracheal  Use  Only 

INDICATIONS  AND  USAGE 

SURVANTA  IS  indicated  tor  prevention  and 
treatment  (rescue)  ol  Respiratory  Distress 
Syndrome  (RDS)  (tiyaline  membrane  disease) 
in  premature  inlanls  SURVANTA  signilicantly 
reduces  the  incidence  ol  RDS,  mortality  due  to 
RDS  and  air  leaK  complications 

In  premature  infants  less  ttian  1250  g  bir  h 

weight  or  with  evidence  ol  surlactant  deli- 

ciency,  give  SURVANTA  as  soon  as  possible, 

preferably  within  15  minutes  ol  birth 

Besaie 

To  treat  infants  with  RDS  confirmed  by  K-ray 

and  requiring  mechanical  ventilation,  give 

SURVANTA  as  soon  as  possible,  preferably  by 

8  hours  ol  age 

CONTRAINDICATIONS 

None  known 

WARNINGS 

SURVANTA  IS  intended  for  intratracheal  use  only 
SURVANTA  CAN  RAPIDLV  AFFECT  OXY- 
GENATION AND  LUNG  COMPLIANCE  There- 
fore Its  use  should  be  restricted  to  a  highly 
supervised  clinical  setting  with  immediate 
availability  of  clinicians  experienced  with  intu- 
bation ventilator  management,  and  general 
care  of  otemature  infants  Infants  receiving 
SURVANTA  should  be  frequently  monitored 
with  arterial  or  transcutaneous  measurement 
ol  systemic  oxygen  and  carbon  dioxide 

DURING  THE  DOSING  PROCEDURE. 
TRANSIENT  EPISODES  OF  BRADYCARDIA 
AND  DECREASED  OXYGEN  SATURATION 
HAVE  BEEN  REPORTED  If  these  occur  stop 
the  dosing  procedure  and  initiate  appropriate 
measures  to  alleviate  the  condition  After  sta- 
bilization, resume  the  dosing  procedure 
PRECAUTIONS 
Genersl 

Rales  and  moist  breath  sounds  can  occur 
transiently  after  administration  Endotracheal 
suctioning  or  other  remedial  action  is  not 
necessary  unless  clear-cut  signs  ol  airway 
obstruction  are  present 

Increased  probability  ol  post-treatment 
nosocomial  sepsis  in  SURVANTA-treated 
infants  was  observed  in  the  controlled  clinical 
trials  (Table  3)  The  increased  risk  for  sepsis 
among  SURVANTA-treated  inlanls  was  not 
associated  with  increased  mortality  among 
these  inlants  The  causative  organisms  were 
similar  in  treated  and  control  inlants  There 
was  no  signilicant  dilference  betvreen  groups 
in  the  rate  ol  post-trealment  infections  other 
than  sepsis  ^^„ 

Use  of  SURVANTA  in  infants  less  than  600  g 
birth  weight  or  greater  than  1750  g  birth 
weight  has  not  been  evaluated  in  controlled 
trials  There  is  no  controlled  experience  with 
use  of  SURVANTA  in  coniunction  with  experi- 
mental therapies  for  RDS  (eg.  high-frequency 
ventilation  or  extracorporeal  membrane 
oxygenation) 

No  information  is  available  on  the  effects  ol 
doses  other  than  100  mg  phospholipids/kg. 
more  than  lour  doses,  dosing  more  frequently 
than  every  6  hours,  or  administration  after 
48  hours  of  age 

Carelnogenesls.  Mutagenesis, 
Impalmient  ol  Fertility 
Reproduction  studies  in  animals  have  not  been 
completed   Mutagenicity  studies  were  nega- 
tive  Carcinogenicity  studies  have  not  been 
performed  with  SURVANTA 
ADVERSE  REACTIONS 

The  most  commonly  reported  adverse  experi- 
ences were  associated  with  the  dosing  pro- 
cedure In  the  multiple-dose  controlled 
clinical  trials,  transient  bradycardia  occurred 
with  11  9%  of  doses  Oxygen  desaturation 
occurred  with  9  8%  ol  doses 

Other  reactions  during  the  dosing  pro- 
cedure occurred  with  lewer  than  1%  ol  doses 
and  included  endotracheal  tube  tellux,  pallor 
vasoconstriction,  hypotension,  endotracheal 
tube  blockage,  hypertension,  hypocarbia, 
hypercarbia,  and  apnea  No  deaths  occurred 
during  the  dosing  procedure,  and  all  reac- 
tions resolved  with  symptomatic  treatment 

The  occurrence  of  concurrent  illnesses 
common  in  premature  infants  was  evaluated 
in  the  controlled  trials  The  rates  in  all  con- 
trolled studies  are  in  Table  3 
TABLE  3 


All  l^ontrollell  Studlei 

tURVMTTA 

Caotnil 

Conctimnl  Evsnt 

{M 

IM 

p-Viiiia' 

Patent  Ouclus  arteriosus 

46  9 

47  1 

0  814 

Intracranial  herrwrihage 

48  1 

Severe  miracranial 

0  693 

0001 

hemonhage 
Pulmonary  air  leaks 

10  9 

24  7 

Pulmonarv  interstitial 

empriysema 
Necrolinng  entetocolitis 
Apnea 

Spvere  apnea 
Post  tfeattiwnl  sepsis 

202 
61 
&&4 

384 
53 
596 

■  0  001 
0  427 
0  283 

46  1 

207 

42  5 

16  1 

0  019 
0  345 

0  166 

Post  Irealmenl  infection 

Pulmonarv  Hemorrhage 

V-value  (Mmparing  groups  in  controlled  studies 


When  all  controlled  studies  were  pooled, 
there  was  no  difference  in  intracranial  hemor 
rhage  However  m  one  of  the  single-dose  res- 
cue studies  and  one  of  the  multiple-dose 
prevention  studies,  the  rate  ol  intracranial 
hemorrhage  was  significantly  higher  in 
SURVANTA  patients  than  control  patients 
(63  3%  V  30  8%,  P  0  001,  and  48  8%  v 
S  2%  P  0  047,  respectively)  The  rate  in 
a  Treatment  IND  involving  approximately  4400 
infants  was  lower  than  in  the  controlled  trials 
In  the  controlled  clinical  trials,  there  was 
no  eflecl  of  SURVANTA  on  results  of  common 
laboratory  tests  white  blood  cell  count 
and  serum  sodium,  potassium,  bilirubin, 
creatinine 

More  than  3700  prelreatment  and  post- 
treatment  serum  samples  were  tested  by 
Western  Blot  immunoassay  for  antibodies  to 
surfactanl-associafed  proteins  SP-B  and 
SP-C  No  IgG  or  IgM  antibodies  were 
detected 

Several  other  complications  are  known  to 
occur  in  premature  infants  The  lollowing 
conditions  were  reported  in  the  controlled 
clinical  studies  The  rates  of  the  complica- 
tions were  not  different  in  treated  and  control 
inlants  and  none  of  the  complications  were 
attributed  to  SURVANTA 
flesp/ra(Ofy  lung  consolidation,  blood  from 
the  endotracheal  tube,  deterioration  after 
weaning,  respiratory  decompensation,  sub- 
glottic stenosis,  paralyied  diaphragm,  respi- 
ratory failure 

Cardiovascular    hypotension,   hypertension, 
tachycardia,  ventricular  tachycardia,  aortic 
thrombosis,  cardiac  failure,  cardio- 
respiratory arrest,  increased  apical  pulse, 
persistent  fetal  circulation,  air  embolism,  total 
anomalous  pulmonary  venous  return 
GasMintestinal  abdominal  distention,  hem- 
orrhage  intestinal  peilorations,  volvulus, 
bowel  infarct,  feeding  intolerance,  hepatic 
failure,  stress  ulcer 
flena;  renal  failure,  hematuria 
Hematologic    coagulopathy,  thrombo- 
cytopenia, disseminated  intravascular 
coagulation 

Cer)tral  Nervous  System  seizures 
Er)docrir)eiMelabolic  adrenal  hemorrhage, 
inappropriate  ADH  secretion,  hyper- 
phosphatemia 

Musculoskeletal  inguinal  hernia 
Systemic  fever  deterioration 
Follow-Up  Evaluations 
To  date    no  long-term  complications  or 
sequelae  of  SURVANTA  therapy  have  been 
found 

Single-Oose  Studies 

Six-month  adiusted-age  lollow-up  evaluations 
of  232  infants  (115  treated)  demonstrated  no 
clinically  important  dillerences  between 
treatment  groups  m  pulmonary  and  neu- 
rologic sequelae,  incidence  or  severity  of  reti- 
nopathy ol  prematurity,  rehospitalizalions, 
growth,  or  allergic  manilestalions 

Multiple-Dose  Studies 

Six-month  adjusted  age  lollow-up  evaluations 
have  not  been  completed  Preliminarily,  m 
605  (333  treated)  of  916  surviving  infants, 
there  are  trends  for  decreased  cerebral  palsy 
and  need  for  supplemental  oxygen  m 
SURVANTA  infants  Wheezing  at  the  time  ol 
examination  tended  to  be  mote  Irequenl 
among  SURVANTA  inlants,  although  there 
was  no  difference  in  bronchodilalor  therapy 

Twelve-month  lollow-up  data  from  the  mul- 
tiple-dose studies  have  been  completed  in 
328  (171  treated)  ol  909  surviving  infants  To 
date  no  significant  dilferences  between  treat- 
ments have  been  found,  although  there  is  a 
trend  toward  less  wheezing  in  SURVANTA 
infants  in  contrast  to  the  six  month  results 

OVERDOSAGE 

Overdosage  with  SURVANTA  has  not  been 
reported  Based  on  animal  data  overdosage 
might  result  in  acute  airway  obstruction 
Treatment  should  be  symptomatic  and 
supportive 

Rales  and  moist  breath  sounds  can  tran- 
siently occur  after  SURVANTA  is  given,  and 
do  not  indicate  overdosage  Endotracheal 
suctioning  or  other  remedial  action  is  not 
required  unless  clear-cut  signs  of  airway 
obstruction  are  present 

HOW  SUPPLIED 

SURVANTA  (beractant)  Intratracheal  Suspen- 
sion IS  supplied  in  single-use  glass  yials 
containing  8  mL  of  SURVANTA  (NDC 
0074-1040-08)  Each  millililer  contains  25  mg 
of  phospholipids  (200  mg  phospholipids' 
8  mL)  suspended  in  0  9%  sodium  chloride 
solution  The  color  is  ofl-white  to  light  brown 
Store  unopened  vials  at  refrigeration  tem- 
perature (2-8  C)  Protect  from  light  Store 
vials  in  carton  until  ready  for  use  Vials  arc  for 
single  use  only   Upon  opening,  discard 

unused  drug 
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The  MiniCAP™  100  CO2  Monitor  eliminates  the 
two  biggest  problems  in  modern  capnometry 
— calibration  drift  and  fluid  contamination. 


The  CO2  monitor 

for  every  ICU  ventilator. 


cyisguarante 


mofear 

accuracy  results  from  a  high  stability  sensor 
design  and  a  patented  drift  correction 
technique.  COj  readings  are  automatically 
compensated  for  the  peak  airway  pressure, 
PEEP,  CPAP,  and  pressure  support,  as  well 
as  for  barometric  pressure  and  N2O. 

The  MiniCAP  100  COj  Monitor's  fluid  handling 
is  superior,  too.  It  features  a  minimal  dead 
space  fluid  reservoir  and  fiber  optics  sensing 
that  purges  fluids  into  the  reservoir,  which 
alarms  when  full. 

The  optional  MiniCAP  Graphic  Display  Unit 
provides  waveforms,  24-hour  trend  informa- 
tion, and  digital  display  of  COj.  respiration  rate, 
and  mean  N2O.  The  unit  interfaces  easily  with 
an  Epson®  FX  graphics-type  printer  for  hard 
copy  of  waveforms. 

For  complete  details  on  the  CO2  monitor  you 
can  use  with  confidence,  call  1-800-672-4678, 
Ext.  8826. 
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Owings  Mills.  MD  21117  USA 

301/356-2400 

FAX:  301/581-0346 
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Abstracts 


Reviews,  Kditorials.  &  Statements  To  Note 

Respiratory  Syncytial  Virus  from  Chimps  with  Colds  to  Conun- 
drums and  Cures  (editorial)— CB  Hall.  JT  McBride.  N  Engl  J  Med 

1491:325:57.  (Pertains  to  Smith.  Frankel.  ot  al  paper  abstracted  below.) 

Catheter-Related  Infections  and  Associated  Septicemia  (review) — S 
Norwood.  A  Ruby.  J  Civetta.  V  Cortes.  Chest  1991:99:968. 

Inhalation  of  the  Cap  of  a  Metered-Dose  Inhaler  (letter) — JTC  Li.  N 
Engl  J  Med  1991:325:431. 

Inhalation  of  a  Coin  and  a  Capsule  from  Metered-Dose  Inhalers 

(letter)— CH    Schultz.    SW    Hargarten.    J    Babbitt.    N    Engl    J    Med 
1991:325:431. 


A  Controlled  Trial  of  Aerosolized 
Ribavirin  in  Infants  Receiving  Me- 
chanical \entilation  for  Severe 
Respiratory  Syncytial  Virus  In- 
fection—DW  Smith.  LR  Frankel. 
LH  Mathers.  ATS  Tang.  RL  Ar- 
iagno.  CG  Prober.  N  Engl  J  Med 
1991;325:24. 

Although  the  antiviral  agent  ribavirin 
improves  the  course  of  lower  res- 
piratory tract  disease  in  spontane- 
ously breathing  infants  with  respi- 
ratory syncytial  virus  infection,  it  is 
not  known  whether  ribavirin  can 
benefit  infants  with  severe  res- 
piratory syncytial  virus  disease  who 
require  mechanical  \entilation. 
Methods:  We  conducted  a  random- 
ized, double-blind,  placebo-control- 
led evaluation  of  ribavirin  (20  mg/ 
mL)  administered  continuously  in 
aerosolized  form  to  infants  receiving 
mechanical  \entilation  for  res- 
piratory syncytial  virus  infection. 
Results:  Of  the  28  infants  (mean 
[SD|  age  1.4  |1.7]  months)  enrolled. 
7     had     underlying     diseases     pre- 


disposing them  to  severe  infection 
(mean  age  3.0  [2.6|  months),  and  21 
were  previously  normal  (mean  age 
0.8  (0.9]  month).  Among  the  14  in- 
fants who  received  ribavirin,  the 
mean  duration  of  mechanical  ven- 
tilation was  4.9  days  (as  compared 
with  9.9  days  among  the  14  who  re- 
ceived placebo:  p  -  0.01),  and  the 
mean  length  of  supplemental  oxygen 
use  was  8.7  days  (as  compared  with 
13.5  days:  p  =  0.01).  The  mean 
length  of  the  hospital  stay  was  13.3 
days  after  treatment  with  ribavirin 
and  15.0  with  placebo  (p  =  0.04). 
When  only  the  21  pre\iously  normal 
infants  were  considered,  the  mean- 
length  of  the  hospital  stay  was  9.0 
days  for  the  ribavirin  recipients  and 
15.3  days  for  those  who  received 
placebo  (p  =  0.005).  Conclusions:  In 
infants  who  require  mechanical  ven- 
tilation because  of  severe  respiratory 
syncytial  virus  infection,  treatment 
with  aerosolized  ribavirin  decreases 
the  duration  of  mechanical  ven- 
tilation, oxygen  treatment,  and  the 
hospital  stay. 


Treatment  «ith  .\c\cl()\ir  of  Var- 
icella Pneumonia  in  Pregnancy — 

RC  Broussard.  DK  Payne.  RB 
George.  Chest  1991:99:1045. 

Varicella  pneumonia  during  preg- 
nancy carries  a  significant  mortality 
for  both  mother  and  fetus.  The  anti- 
\  iial  drug.  acyclo\  ir.  appears  to  have 
decreased  mortality  in  leported  cas- 
es. We  present  a  case  report  and 
review  of  the  literature  summarizing 
the  experience  to  date  with  acyclovir 
in  the  treatment  of  varicella  pneu- 
monia during  pregnancy. 

A  Double-Blind  Trial  of  a  16-Hour 
Transdermal  Nicotine  Patch  in 
Smoking  Cessation — P  Tonnesen.  ,1 
Norregaard.  K  Simonsen.  U  Siiwe.  N 
Engl  J  Med  1991:325:311. 

The  use  of  nicotine  chewing  gum 
combined  with  psychological  sup- 
port improves  the  success  rate  in 
quitting  smoking.  We  studied  the 
safety  and  efficacy  of  a  transdermal 
nicotine  patch  in  smoking  cessation. 
Methods:  We  conducted  a  double- 
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Volumetric  Incentive  Deep-Breathiing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 

improving  patient  performance  and  progress 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 

reliability  and  superior  accurao,'  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  injormation.  contact  your  Sherwood  OR  ICritical  Care 

Representative  or  call.  ,  ann  -••»»-  —,.—.» 

1-800-325-7472    (outside  Missouri) 

1-800-392-7318     inMlssouril 
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blind  randomized  study  comparing 
the  effects  of  a  16-hour  nicotine 
patch  (15  ±  3.5  mg  of  nicotine  in  16 
hours)  with  those  of  a  placebo  patch. 
Of  the  289  smokers  (207  women  and 
82  men)  enrolled  in  the  study.  145 
were  treated  with  nicotine  patches 
and  144  with  placebo  patches  for  16 
weeks.  Results:  Rates  of  sustained 
abstinence  were  significantly  better 
with  active  treatment  than  with  pla- 
cebo: 53,  41.  24.  and  17  7c  of  those 
in  the  nicotine-patch  group  were  ab- 
stinent after  6,  12,  26,  and  52  weeks, 
respectively,  as  compared  with  17. 
10.  5.  and  4  %  of  those  in  the 
placebo-patch  group  (p  <  0.0001). 
Only  two  subjects  with  the  nicotine 
patch  and  one  with  the  placebo  patch 
had  to  withdraw  from  the  study  be- 
cause of  side  effects.  Conclusions: 
The  nicotine  skin  patch  pro\ed  to  be 
safe  and  effective,  as  demonstrated 
by  a  higher  rate  of  abstinence  than 
with  placebo.  Howe\'er.  the  absolute 
rate  of  abstinence  after  1  year  was 
only  17%.  which  is  lower  than  the 
rate  in  studies  that  have  combined 
the  use  of  nicotine  chewing  gum 
with  behavioral  therapy. 

Comparison  of  a  fi.  Agonist,  Ter- 
butalinc,  with  an  Inhaled  Cor- 
ticosteroid, Budesonide,  in  Newly 
Detected  Asthma — T  Haahtela.  M 
Jarvinen,  T  Ka\  a.  K  Ki\  iranta.  S  Ko- 
skinen.  K  Lehtonen.  et  al.  N  Engl  J 
Med  1991:325:388. 

The  presence  of  airway  inflammation 
e\en  in  mild  asthma  points  to  the  po- 
tential value  of  anti-intlammatory 
therapy.  We  compared  the  effect  of 
inhaled  corticosteroid,  budesonide, 
with  that  of  an  inhaled  /?,  agonist, 
terbutaline,  in  the  long-term  treat- 
ment of  newly  detected  asthma. 
Methods:  We  studied  103  patients 
(29  male  and  74  female  patients  15 
to  64  years  old)  in  whom  asthma  had 
appeared  within  the  previous  year. 
The  patients  were  randomly  assigned 
in  blinded  fashion  to  two  treatment 


groups:  one  to  receive  600  ,ug  of  in- 
haled budesonide  twice  a  day,  and 
the  other  to  receive  375  ji2.  of  inhaled 
terbutaline  twice  a  day.  The  study 
period  was  two  years.  Results:  After 
6  weeks  of  treatment,  the  patients 
treated  with  budesonide  tolerated  in- 
haled histamine  better  than  the  pa- 
tients treated  with  terbutaline  (a 
difference  of  one  doubling  dose  step, 
p  <  0.001),  and  the  difference  was 
sustained.  Patients"  diaries  kept  dur- 
ing the  first  3  months  of  the  study 
and  during  the  last  month  of  the  first 
and  second  years  showed  budest)nide 
to  be  more  effective  than  terbutalnie 
in  improving  peak  expiratory  tlovv  in 
the  morning  (a\erage  increase  from 
the  pretreatment  value,  32.8  L/min 
for  budesonide  vs  4,8  L/min  for  ter- 
butaline: p  <  0.001 )  and  in  the  even- 
ing (p  <  0.01).  Budesonide  was  also 
more  effective  in  reducing  the  symp- 
toms of  asthma  (p  <  0.01)  and  the 
use  of  supplemental  /),  agonist  med- 
ication (p  <  0.01 ).  Ten  patients  were 
withdrawn  from  the  terbutaline 
group  because  treatment  was  insuf- 
ficiently effective,  whereas  only  one 
dropped  out  of  the  budesonide  group. 
The  ad\erse  reactions  to  both  treat- 
ments were  few  and  mild.  Conclu- 
sions: Anti-inflammatory  therapy 
with  inhaled  budesonide  is  an  ef- 
fective first-line  treatment  for  pa- 
tients with  newly  detected,  mild  as- 
thma, and  it  is  superior  to  the  use  of 
terbutaline  in  such  patients. 

Obstructive  Sleep  .Apnea  following 
Topical  Oropharyngeal  .Anesthesia 
in  Loud  Snorers — G.\  Chadw  ick,  P 
Crowley,  .MX  Fit/gerald,  RG  O' Re- 
gan, WT  McNicholas.  Am  Re\  Res- 
pirDis  1991:143:810. 

Previous  studies  support  the  presence 
of  an  upper  airway  refle.x  mechanism 
that  contributes  to  the  maintenance 
of  upper  airway  patency  during 
sleep.  We  investigated  the  possibility 
that  interference  with  this  reflex 
mechanism  contributes  to  the  devel- 


opment of  obstructive  sleep  apnea. 
Eight  otherwise  asymptomatic  snor- 
ers (7  male  and  1  female),  age  39  ± 
5.3  y  (mean  ±  SHM).  underwent 
overnight  sleep  studies  on  three  suc- 
cessive nights.  An  acclimatization 
night  was  followed  by  two  study 
nights  randomly  assigned  to  control 
(C)  and  oropharyngeal  anesthesia 
(OPA).  On  the  OPA  night  topical  an- 
esthesia was  induced  using  10*^  lid- 
ocaine  spray  and  0.259^  bupivocaine 
gargle.  A  saline  placebo  was  used  on 
Night  C.  All  subjects  slept  well  on 
both  study  nights  (mean  sleep  dura- 
lion  was  6.2  h  on  both  study  nights), 
and  sleep  stage  distribution  was  sim- 
ilar on  both  nights.  Obstructive 
apneas  and  hypopneas  (OAH)  rose 
from  1  14  ±  43  during  C  to  170  ±  49 
during  OPA  (p  <  0.02).  Central  ap- 
neas and  hypopneas  (CAH)  were  un- 
changed between  the  tw  o  nights  (8  ± 
4.9  vs  7  ±  3).  The  duration  of  OAH 
was  similar  on  both  study  nights  (20 
±  1.9  s  during  C  vs  20  ±  1.5  s  during 
OPA).  The  frequency  of  movement 
arousals  terminating  OAH  tended  to 
be  higher  during  OPA  (7  ±  2.9/h) 
than  during  C  (3  ±  0.7).  p  =  NS.  The 
frequency  of  oxyhemoglobin  desat- 
urations  was  also  higher  during  OPA 
(5  ±2.1/h)  than  during  C  (3  ±  1.4).  p 
<  0.07.  These  data  indicate  that  OPA 
increases  the  frequency  of  OAH  dur- 
ing sleep  but  not  their  duration,  sug- 
gesting that  defective  upper  airway 
reflexes  may  influence  the  inhalation 
of  obstructive  respiratory  events  but 
not  their  termination.  We  conclude 
that  upper  airway  reflexes  are  impor- 
tant in  the  pathophysiology  of  OSA. 

Lung  Function  and  Bronchial  Re- 
activity in  .Asthmatics  during  Ex- 
posure to  \olatile  Organic  Com- 
pounds— H  Harving.  R  Dahl.  L 
Molhave.  Am  Rev  Respir  Dis  1991: 
143:751. 

The  purpose  of  the  present  study  was 
to  investigate  whether  vapors  of  or- 
ganic solvents  at  low  concentrations 
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could  exert  an  adverse  effect  in  the 
lower  airways.  Under  controlled  con- 
ditions in  a  climate  chamber,  1  I 
persons  w  iih  bronchial  hyperreac- 
tivity to  histamine  and  bronchial  as- 
thma were  exposed  for  90  min  to  a 
mixture  of  organic  solvents  at  levels 
of  0.  2.5.  and  25  mg/ni\  During  ex- 
posure to  25  mg/m'  a  decrease  in 
FEV,  to  90.7%  of  ba.seline  value  was 
measured.  This  was  significantly  dif- 
ferent from  the  initial  value  (p  < 
0.05).  but  not  significantly  different 
from  the  value  found  after  sham  ex- 
posure (FEV|.  91.47c  of  initial  val- 
ue). The  decline  in  FEV,  during  ex- 
posure to  25  n1g/m'  was  most  pro- 
nounced in  persons  with  high  bron- 
chial sensitivity.  No  changes  were 
found  in  histamine  reactivity  after 
exposure,  and  no  late  reactions  were 
registered.  Ratings  of  discomfort 
showed  different  individual  patterns 
ranging  from  no  response  to  reac- 
tions towards  both  of  the  concentra- 
tions. The  ratings  indicated  develop- 
ment of  tolerance  during  exposure. 
Volatile  organic  compounds  in  con- 
centrations found  in  both  the  work 
and  the  home  environments  may  in- 
fluence lung  function  and  are  prob- 
ably of  importance  as  bronchial  irri- 
tants. 

The  Kffcct  of  Nightly  Nasal  CPAP 
Treatment  on  Underlying  Ob- 
structive Sleep  Apnea  and  Pharyn- 
geal Size— NA  Collop.  AJ  Block.  D 
Hcllard.  Chest  1991;99:855. 

Nasal  continuous  positive  airway 
pressure  (CPAP)  is  an  effective  treat- 
ment for  obstructive  sleep  apnea 
(OSA).  It  is  usually  prescribed  for 
nightly  use:  however,  recent  studies 
show  thai  patients  olicn  do  not  wear 
the  appliance  consisientlv .  Previous 
studies  have  also  suggested  that  na- 
sal CPAP  mav  improve  a  |ialicni"s 
underlying  OSA  even  when  the  mask 
is  not  in  place.  We  investigated  12 
men  with  OS.A  lo  see  if  nasal  CPAP 
used  niiihlK   for  (i  weeks  woiiM  im- 


prove their  iindeiiving  sleep-dis- 
ordered breathing.  We  also  studied 
pharyngeal  volumes  measured  using 
magnetic  resonance  imaging  and  a 
computer-controlled  digitizing  pad. 
Patients  with  more  severe  OSA  had 
improvement  after  6  weeks:  how- 
ever, they  still  demonstrated  signif- 
icant OSA.  Patients  with  less  severe 
OSA  did  not  have  significant  change. 
We  were  unable  tt>  show  a  signif- 
icant difference  in  any  patient's 
awake  pharyngeal  volumes.  We  con- 
clude that  patients  with  OSA  should 
be  encouraged  to  wear  their  nasal 
CPAP  machines  regularly. 

Great  \  ein  and  Right  Atrial 
Thrombosis  in  Critically  III  Infants 
and  Children  with  Central  \  enous 
Lines— W  Berman  Jr.  RR  Fnpp.  SM 
Yabek,  J  Wernl>.  S  Corlew.  Chest 
1991:99:963. 

We  performed  a  retrospective  review 
of  echocardiographic  data  files  of  in- 
fants and  children  hospitalized  in  the 
Newborn  and  Pediatric  Intensive 
Care  L'nits.  Echocardiograms  were 
examined  to  detect  the  presence  and 
evolution  of  great  vein  and  right 
atrial  thrombosis  in  patients  with 
central  venous  lines.  Thirty-seven 
patients  were  identified  over  a  5-year 
period.  Echocardiograms  were  per- 
lormed.  not  routinely  but  in  response 
lo  specific  indications  including 
catheter  malfunction,  thrombocvlo- 
penia.  persistent  chylothorax.  bacter- 
ial or  fungal  sepsis,  and  superior 
vena  cava  syndrome.  Fifteen  of  .^7 
patients  died.  13  of  them  during  the 
hospitalization  in  which  the  throm- 
bus was  discovered.  Thrombolytic 
agents  and  surgery  were  used  to  treat 
selected  patients,  with  mixed  results. 
Two  of  the  22  survivors  have  sig- 
nificant disability  related  to  the 
thrombus  or  complications  arising 
from  it.  We  conclude  that  great  vein 
and/or  right  artial  thrombosis  is  a 
common  complication  of  cenlial 
venous   catheterization   in   small    in- 


fants and  children:  moreover,  the 
morbidity  and  mortalitv  relating  to 
this  complication  is  substantial. 

Medication  Adherence  Patterns  in 
Chronic    Obstructive    Pulmonary 

Disease — JJ  Dolce.  C  Crisp.  B  Man- 
zella.  JM  Richards.  JM  Hardin.  WC 
Bailey.  Chest  1991:99:837. 

While  medical  treatment  of  COPD 
has  adv  anced.  the  failure  to  adhere  to 
regimens  for  medication  poses  a  sig- 
nificant barrier  to  effective  man- 
agement. Furthermore,  no  data  are 
available  regarding  adherence  for  pa- 
tients within  the  United  States.  Data 
from  this  investigation  indicate  that 
78  outpatients  from  a  medical  center 
in  the  southeastern  region  of  the 
United  States  were  prescribed  an  av- 
erage of  6.26  medications  wiih  both 
various  dosing  schedules  and  dif- 
ferent modes  of  administration.  Ad- 
herence was  poor,  with  42  patients 
(549f )  underutilizing  medications.  39 
patients  (509f)  overutilizing  med- 
ications during  periods  of  respiratory 
distress,  and  24  patients  (31*^^  em- 
ploying ineffective  inhaler  dosing 
techniques.  Prescription  patterns  and 
adherence  were  not  associated  with 
demographic  variables:  however,  ad- 
herence was  related  lo  classes  of 
medication  and  situational  variables. 

Predictors  of  Improvement  in  the 
12-Minute  Walking  Distance  fol- 
lowing a  6-\\eek  Outpatient  Pul- 
monary Rehabilitation  Program — 

RL  ZuWallack.  K  Patel.  .IZ  Rcardon. 
BA  Clark  111.  EA  Normandin.  Chest 
1991:99:805. 

We  evaluated  Ihe  relationship  ol 
clinical  characteristics,  pulmonary 
function,  and  exercise  test  data  tt>  the 
degree  of  improvement  in  the  12-min 
walking  distance  ( I2MD)  in  50  am- 
bulatory outpatients  completing  a  6- 
week  pulmonary  rehabilitation  pro- 
gram. The  12MD  increased  by  27.7 
±  32.5  7r.  or  462  ±  427  ft.  by  the  end 
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ABSTRACTS 


of  the  program.  There  were  no  sig- 
nificant relationships  between  im- 
provement in  the  12MD  and  age. 
sex,  oxygen  requirement,  arterial 
blood  gas  le\els,  and  pulmonary 
function:  however,  patients  with  a 
greater  ventilatory  reserve  ( 1  — 
|\femax/MVV]  X  100)  had  more  im- 
provement in  their  12MD,  both  with 
respect  to  distance  and  percentage  ot 
increase  over  baseline.  Additionally, 
patients  with  a  lower  peak  oxygen 
ciinsumption  (V;,,)  and  peak  oxygen 
pulse  (0;P)  showed  greater  percen- 
tage of  improvement  in  their  I2IV1D. 
The  magnitude  of  the  initial  12MD 
was  inversely  related  to  its  improve- 
ment, both  with  regard  to  distance  (r 
=  -0.43:  r-  =  0.18:  p  <  0.003)  and 
percentage  of  increase  (r  =  -0.71:  r- 
=  0.51;  p  <  0.0001).  Using  stepwise 
regression,  the  combination  of  small- 
er initial  12MD  and  greater  FEV, 
was  significantly  predictive  of  im- 
provement in  the  I2MD.  Patients 
with  poor  performance  on  either  a 
I2MD  or  maximal  exercise  test  are 
not  necessarily  poor  candidates  for  a 
pulmonar\  rehabilitation  program. 

Respiratory  Symptoms  and  Ri.sk 
Factors  in  an  Arizona  Population 
Sample  of  .Anglo  and  Mexican- 
American  Whites — C  Di  Pede,  G 
Viegi.  J  J  Quackenboss,  P  Boyer- 
Pfersdorf,  MD  Lebowitz.  Chest 
1991:99:916. 

Piexalence  rales  of  respiratory  symp- 
toms and  diseases  in  a  large  group  nl 
Anglos  and  Mexican-Americans 
v.ere  analyzed.  Each  subject  ct)m- 
pleted  a  questionnaire.  Among  cur- 
rent smokers,  chronic  productive 
cough  and  dyspnea  were  signif- 
icantly higher  in  biith  ethnic  groups: 
wheezy  symptoms  were  higher  in 
Anglos.  There  were  no  signilicaiu 
differences  in  the  symptom  pre\a 
lence  rales  between  the  [\\o  groups, 
after  stratifying  by  current  cigarette 
consumption  and  childhood  lespu- 
atoi\  troubles  (CRT).  The  spironiel 


ric  \alues  were  not  significanll)  dif- 
terent.  In  both  ethnic  groups,  the 
prevalence  rates  of  wheeze,  attacks 
of  shortness  of  breath  with  wheeze 
(SOBWHZ),  and  asthma  were  sig- 
nificantly higher  in  those  who  had 
CRT.  Among  Anglos,  less  educated 
smokers  had  significantly  higher 
prevalence  rates  of  SOBWHZ  and 
dyspnea:  nonsmokers  with  less  edu- 
cation had  higher  prevalence  rates  of 
cough,  chronic  cough,  and  dyspnea. 
Our  results  confirm  the  importance 
of  CRT  and  lower  educational  level 
as  risk  factors  for  respiratory  symp- 
toms. Ethnicity  is  not  associated  with 
symptomatology  or  lung  function 
impairment. 

Ventricular  Free-Wall  Rupture  af- 
ter Myocardial  Infarction:  Treat- 
ment and  Outcome — PJ  Pappas, 
AC  Cernaianu,  WA  Saldino,  JH 
Cilley  Jr,  AJ  DelRossi.  Chest  1991; 
99:892. 

Ventricular  free-wall  rupture  remains 
one  of  the  leading  causes  of  death  af- 
ter myocardial  infarction  (MI).  With 
increased  abilities  for  diagnosis  and 
resuscitation  techniques,  surgical 
correction  of  free-wall  myocardial 
defects  resulting  from  ischemia  and 
necrosis  may  become  a  simple  mo- 
dality of  treatment,  resulting  in  im- 
provement of  the  survival  rate.  We 
report  our  experience  vv  ith  4  patients 
with  ventricular  free-wall  ruptiMV  al- 
ter Ml,  with  emphasis  on  clinical 
presentation,  diagnosis,  and  surgical 
management. 

A  Multi\ariate  Analysis  of  the 
Risk  of  Pulmonary  Complications 
after  Laparotomy — IC  Hall.  RA 
Tarala.  JL  Hall,  .1  Mander.  Chest 
1991:99:923. 

We  evaluated  the  relationship  be- 
tween postoperative  pulmonary  com- 
plications (PPC)  and  various  putative 
risk  factors  in  a  prospective  longitud- 
inal  study  of   I .()()()  patients  under- 


going abdominal  surgery.  Transient 
subclinical  events  were  excluded  by 
defining  PPC  as  positive  clinical 
findings  in  combination  v\'ith  either 
positive  sputum  microbiology,  un- 
explained pyrexia,  or  positive  chest 
roentgenographic  findings.  The  over- 
all incidence  of  PPC  was  23.2% 
(232/1.000).  Multivariate  analysis 
identified  7  factors  that  were  asso- 
ciated with  PPC:  ASA  classification 
>  2,  upper  abdominal  surgery,  resid- 
ual intraperitoneal  sepsis,  age  >  59 
years,  body  mass  index  (BMI)  >  25, 
preoperative  hospital  stay  >  4  days, 
and  colorectal  or  gastroduodenal  sur- 
gery (overall  F  score  =  33.5,  p  < 
0.0001).  The  ASA  classification  was 
the  most  powerful  indicator  of  risk  in 
both  the  univariant  and  the  multi- 
variate analyses.  The  combination  of 
ASA  classification  >  I  and  age  > 
59  years  identified  889^  (205  of  232) 
of  the  patients  who  developed  PPC. 
These  findings  provide  clinicians  and 
clinical  investigators  with  a  simple 
means  of  identifying  patients  who 
are  at  high  risk  of  PPC  after  abdom- 
inal surgery. 

Reversible  Cardioj;enic  Shock  Due 
to  Chest  Tube  Compression  of  the 
Right  \entricle— MH  Kollef.  DW 
Dothager.  Chest  1991:99:976. 

A  62-year-old  woman  developed 
shock  immediately  after  the  insertion 
of  a  right-sided  chest  tube.  .A  chest 
roentgenogram  showed  the  chest 
tube  to  be  overlying  the  heart  and 
possibly  compressing  the  right  ven- 
tricle. An  animal  model  was  devel- 
t)ped  to  replicate  this  clinical  situa- 
tion. Using  a  domestic  goat  model, 
pulmonary-arterv  peripheral  arterial 
catheters  were  inserted  along  with  a 
right-sided  chest  tube  placed  to  suc- 
tion. A  second  chest  tube  guided  by 
a  Hexible  fiberoptic  bronchoscope 
placed  within  its  lumen  was  position- 
ed between  the  right  ventricle  and 
the  sternum  of  the  animals.  Thirteen 
paired  measurements  in  three  goats 
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Gypsophila  panic 


The  proven  e£Bcaq^ 
and  impressive  safety  profile 
of  the  first  protein-fiiiee, 
synthetic  Ifing  surfactant 


ExOSUrfkEONATAC 

(Colfosceril  Palmitate,  Cetyl  Alcohol, 

lyloxapol)  For  Intratracheal  Suspension 


Controlled  clinical  trials  with  EXOSURF  Neonatal  showed  "dramatic  reductions"  in 
morbidity  and  mortality  of  infants  with  RDS.  Subsequent  use  under  a  year-long 
Treatment  IND  confirmed  its  efficacy  and  impressive  safety  profile.  Since  release  for 
marketing  in  August  1990,  widespread  use  in  hospitals  across  the  United  States  has 
further  established  its  value  in  the  treatment  of  RDS.  The  weight  of  clinical  experience 
is  in  favor  of  EXOSURF  Neonatal. 

Dramatic  reductions  in  neonatal  morbidity  and  mortality  reported  in 
clinical  trials 

Improvement  in  clinical  outcome  after  EXOSURF  Neonatal  has  been  significant  in 
infants  at  risk  of  developing  RDS  as  well  as  those  with  established  RDS.  Prophylactic 
as  well  as  rescue  treatment  with  EXOSURF  Neonatal  has  dramatically  reduced 
morbidity  and  mortality  in  infants  weighing  greater  than  700  grams. 


SIGNIFICANT 
REDUCTIONS  IN 
OVERALL  MORTALITY 
FROM  ANY  CAUSE  IN 
MIDDLE-SIZE  AND 
LARGE  INFANTS 
(Percent  reductions 
with  EXOSURF) 


Prophylactic  treatment 


Rescue  treatment 


Age 

<10  Days 

<28  Days 

<lYear 


Single  Dose' 

7004100  grams 

(N=446) 


One  vs 

Three  Doses ' 

700-1100  grams 

(N=716) 


Two  Dose~ 

700-1350  grams 

(N=419) 


Two  Dose' 
1250  grams 
and  above 
(N=1232) 


40%* 
44%' 


44%' 
41%' 


59%* 
52%* 
46%« 


35% 
39%" 
31% 


•P=0.022.  'P=0.002.  'P<0.05.  *P<0,001 .  •P=0.039.  N=Number  ol  infants  enrolled  in  the  clinical  trials. 


A  single  prophylactic  dose  of  EXOSURF  Neonatal  reduced  1-year  mortality  by  44%. 
Two  additional  prophylactic  doses  provided  an  additional  41%  reduction  in  1-year 
mortality. 


SIGNIFICANT 
REDUCTIONS 
IN  MORTALITY 
FROM  RDS  IN 
MIDDLE-SIZE  AND 
LARGE  INFANTS' '■> 
(Percent  reductions 
with  EXOSURF) 


Prophylactic  treatment 

Single  Dose' 

700-1100  grams 

(N=446) 


Rescue  treatment 


Two  Dose" 

700-1350  grams 

(N=419) 


Two  Dose* 
1250  grams 
and  above 
(N=1232) 


Reduction  in 
death  from  RDS 


58%* 


66%' 


63%' 


•p=0.01 1 .  'P=0.007.  'P=0.009.  N=Numt)er  of  infants  enrolled  in  tlie  dinic&l  trials. 


ja.  iM 


mm^ 


SIGNIFICANT  REDUCTION 
IN  CARDIOPULMONARY 
DESTRUCTION  TO  DAY  28 
FOLLOWING  TWO-DOSE 
RESCUE  TREATMENT-- 
(Percent  reductions 
with  EXOSURF) 


Birth  weight 

700-1350- 
(N=419) 


Reduction  in  death  at  28  days 
or  survival  with  broncho- 
pulmonary dysplasia  (BPD) 


34%* 


1250  and  above' 
(N=1232) 


43%* 


*P=0.002  N=Number  of  infants  enrolled  in  the  clinical  tnals. 


Rapid  onset  of  action  documented  in  rescue  use' 

Improvements  in  mean  Fi02  and  mean  alveolar-arterial  PO;  (A-a)  gradient  were 
present  by  2  hours  after  dosing  in  middle-size  babies  (700-1350  grams). 
Improvements  in  mean  airway  pressures  began  sometime  between  2  and  6  hours 
in  middle-size  babies.  These  improvements  persisted  for  at  least  7  days. 


SIGNIFICANT 

IMPROVEMENTS 
IN  SUPPLEMENTAL 
OXYGEN  NEEDS 
AND  VENTILATORY 
REQUIREMENTS 
SEEN  IN  MIDDLE- 
SIZE  BABIES^ 


Air 
I  EXOSURF  Neonatal 


All  charts  from  Long"' 
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s 


=0.0001 


0.0001 
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so 
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P=  0.100 


P=0.023 
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Efficacy  and  impressive  safety  profile  of  EXOSURF®  Neonatal " 
confirmed  in  continued  widespread  use 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  year-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulmonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  foUow-up  evaluated  developmental  outcomes' 

Double-blind  1-year  follow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings' '° 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life.'" 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  use  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-mL/kg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 


References:  1 .  Bose  C.  Corbet  A.  Bose  G.  et  al.  Improved  outcome  at  28  days  of  age  for  very  low  birth  weight  infants  treated  with  a  single 
dose  of  a  synthetic  surfactant  J  Pediair  1990;  117:947-953.  2.  Cortiet  A.  Bucciarelli  R,  Goldman  S.  elal.  Decreased  mortality  in  small 
premature  infants  treated  at  birth  with  a  single  dose  of  synthetic  surfactant:  a  multi-center  controlled  tnal.  J  Pediatr.  1991  ;1 18:277-284, 
3.  Gerdes  J.  Cool<  L.  Beaumont  E.  Corbel  A,  Long  W.  Amencan  EXOSURF  Pediatric  Groups  I  and  II.  Effects  of  three  vs.  one  prophylactic 
doses  of  EXOSURF  Neonatal  in  700-  to  1 100-gram  neonates.  Pediatr  Res.  1991  ;29(no.  4,  pt  2):214A.  Abstract.  4.  Long  W,  Thompson  T. 
Sundell  H.  et  al.  Effects  of  two  rescue  doses  of  a  synthetic  surfactant  on  mortality  rate  and  survival  without  bronchopulmonary  dysplasia  in 
700-  to  1350-gram  infants  with  respiratory  distress  syndrome.  J  Pediatr.  1991  ;1 18:595-605.  5.  U.S.  and  Canadian  EXOSURF  Pediathc 
Study  Groups.  Effects  of  two  rescue  doses  of  EXOSURF*  Pediatnc  in  1232  infants  >1250  grams.  Pediatr  Res.  1990:27(no.  4,  pt  2):320A. 
Abstract.  6.  Data  on  file,  Burroughs  Wellcome  Co.. 1991.  7.  Walter  D,  McGuinnessG.  BoseC,  etal.  Double-blind  one-year  follow-up  in 
1450  infants  randomized  to  EXOSURF*  Neonatal  or  air.  Pediair  Res.  1991  ;29(no.  4,  pt  2):270A.  Abstract.  8.  Sell  M.  Cortset  A,  Gong  A, 
et  al.  Economic  impact  of  a  single  prophylactic  dose  of  EXOSURF*  Neonatal  in  700-  to  1 100-gram  infants.  Pediatr  Res.  1991 :29(no.  4, 
pt  2):265A.  Abstract.  9.  Ivlammel  (VI,  IVIullett  IVI,  Derleth  D,  et  al.  Economic  impact  of  two  rescue  doses  of  EXOSURF*  Neonatal  in  700-1350 
gram  infants,  Pediatr  Res.  1991;29(no.  4,  pt  2):260A.  Abstract.  10.  Schumacher  R,  Burchfield  D,  VaughanR,  et  al.  Economic  impact  of  two 
rescue  doses  of  EXOSURF*  Neonatal  in  >  1 350  gram  infants.  Pediatr  Res.  1 991  ^gfno.  4,  pt  2):264A.  Abstract. 
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EXOSURF  Neonatar 

(COLFOSCERILPALMITATE,CETYL  ALCOHOL,  TYLOXAPOL) 
For  Intratracheal  Suspension/ 10  mL  vials 

PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING 
INDICATIONS  AND  USAGE:  Exosurt  Neonatal  is  indicated  lor 

1  Prophylactic  tredlment  ol  infants  with  Dirth  weights  ol  less  Ihan  1350  grams  who  are  at  risk  of  developing 
ROS  (see  PRECAUTIONS), 

2  Prophylactic  Ireatmeni  of  infants  with  tDirth  weights  greater  Ihan  1350  grams  who  have  evidence  ol  pulmonary 
immaturity  and 

3  Rescue  treaimeni  of  infants  who  have  developed  RDS 

CONTRAINDICATIONS:  There  are  no  known  contraindications  to  treatmeni  with  Exosurt  Neonatal 
WARNINGS:  Intratracheal  Administration  Only:  Exosurl  Neonatal  should  De  administered  only  Dy  mstillation  in- 
to the  trachea  General:  The  use  of  Exosurl  Neonatat  requires  expert  clinical  care  Dy  experienced  neonatologists 
and  other  clinicians  who  are  accomplished  al  neonatal  intubation  and  ventilatory  management  Adequate  per- 
sonnel, facilities  equipment,  and  medicalions  are  required  !o  optimize  perinatal  outcome  in  premature  infants 
Instillation  of  Exosurt  Neonatal  should  Pe  perlormed  only  Dy  trained  medical  personnel  experienced  in  airway 
and  clinical  management  of  unstable  premature  infants  Vigilant  ciimcal  attention  shouid  Pe  given  lo  all  mtanls 
pnor  to,  during ,  and  after  administration  of  Exosurl  Neonatal  Acute  Effects:  Exosurl  Neonatal  can  rapidly  allect 
oxygenation  and  lung  compliance  Lung  Compliance:  ii  chest  expansion  improves  subsianiialiy  after  dosing 
peak  ventilator  inspiratory  pressures  should  Pe  reduced  immediately,  without  wailing  for  confirmation  of  respiratory 
improvement  by  blood  gas  assessmenl  Failure  to  reduce  inspiratory  ventilator  pressures  rapidly  m  such  instances 
can  result  in  lung  overdistenlion  and  fatal  pulmonary  air  leak  Hyperoxia:  if  the  infant  becomes  pmk  and 
Iranscutaneous  oxygen  saturalion  is  m  excess  ol  95%,  FiO,  should  be  reduced  m  small  bul  repealed  sleps  (until 
saturation  is  90  to  95% )  without  waiting  for  confirmation  ol  elevated  arterial  pO.  by  blood  gas  assessmenl  Fail- 
ure to  reduce  FiO,  m  such  instances  can  resull  in  hyperoxia  Hypocarbia:  II  arterial  or  transculaneous  CO, 
measurements  are  <30  torr  Ihe  ventilator  rate  should  De  reduced  at  once  Failure  to  reduce  ventilator  rales  in 
such  instances  can  resull  m  marked  hypocarbia  which  is  known  to  reduce  Dram  blood  How  Pulmonary  Hemor- 
rtiage:  In  the  single  study  conducted  m  infants  weighing  <  700  grams  at  birth,  themcidenceol  pulmonary  hemor- 
rhage (10%  vs  2%  m  the  placebo  group)  was  significantly  increased  in  the  Exosurl  Neonatal  group  None  ot 
Ihe  five  studies  involving  inlanis  with  Dirth  weights  >700  grams  showed  a  significant  increase  in  pulmonary 
hemorrhage  m  the  Exosurt  Neonatal  group  In  a  cross-study  analysis  ot  these  tive  studies,  pulmonary  hemor- 
rhage was  reported  for  1%  1 14/1420)  of  infants  mtheplacePoqroup  and  2%  (27/1411)01  mtanls  in  the  Exosurl 
Neonatal  group  Fatal  pulmonary  hemorrhage  occurred  m  three  infants  two  in  itie  Exosurl  Neonatal  group  and 
one  in  the  placebo  group  Mortality  from  all  causes  among  inlanis  who  developed  pulmonary  hemorrhage  was 
43%  m  the  placebo  gnsup  and  37%  m  the  Exosurl  Neonatal  group  Pulmonary  hemorrhage  in  bolh  Exosurl  Neonatal 
and  placebo  infants  was  more  Irequenl  m  inlanis  who  were  younger  smaller  male,  or  who  had  a  patent  ductus 
arteriosus  Pulmonary  hemorrhage  typically  occurred  in  ihe  first  2  days  of  hie  m  Doth  ireatmeni  groups  In  more 
than  7700  infants  m  the  open  uncontrolled  study  pulmonary  hemorrhage  was  reported  m  4%  Put  fatal  pulmonary 
hemorrhage  was  reported  rarely  lO  4% )  In  the  controlled  clinical  studies,  Exosurl  Neonalal  ireated  mtants  who 
received  steroids  more  than  24  hours  prior  to  delivery  or  mdomethacm  postnalally  had  a  lower  rate  of  pulmonary 
hemorrhage  than  other  Exosurl  Neonalal  treated  infants  Attenlion  should  be  paid  lo  early  and  aggressive  diagnosis 
and  treatment  (unless  contramdicated)  of  patent  ductus  arteriosus  during  the  tirsi  2  days  ol  Me  (while  the  duc- 
tus arteriosus  is  often  clinically  silent)  Other  potentially  protective  measures  include  attempting  to  decrease 
FiO,  preferentially  over  venlilator  pressures  during  the  first  24  to  48  hours  after  dosing  and  attempting  lo  de- 
crease PEEP  minimally  lor  at  least  48  hoursafter  dosing  Mucous  Plugs;  Intants  whose  ventilation  Decomes  marked- 
ly impaired  during  or  shortly  after  dosing  may  have  mucous  plugging  of  the  endotracheal  tuDe  particularly  tf 
pulmonary  secretions  were  prominent  prior  to  drug  administration  Suctioning  ol  all  mlanls  pnor  to  dosmg  may 
lessen  the  chance  of  mucous  plugs  oDstfuctmg  Ihe  endotracheal  tube  If  endotracheal  lube  oDslruction  Irom 
such  plugs  IS  suspected  and  suctioning  is  unsuccessful  in  removing  the  oDslruction  the  blocked  endotracheal 
tube  should  be  replaced  immediately 
PRECAUTIONS 

General  In  ihe  controlled  clinical  studies  infants  known  prenalally  or  postnatally  lo  have  ma|or  congenital  anomalies 
or  who  were  suspected  of  having  congenital  mlection ,  were  excluded  from  entry  However  these  disorders  can- 
not be  recognized  early  m  life  in  all  cases,  and  a  few  mtants  with  these  conditions  were  entered  The  benefits 
ot  Exosurt  Neonatal  m  the  affected  infants  who  received  drug  appeared  lo  De  similar  lo  the  benefits  observed 
in  intants  without  anomalies  or  occult  mlection  Prophylactic  Treatment -Intants  <700  Grams :  In  mtants  weighing 
500  to  700  grams,  a  single  prophylactic  dose  ol  Exosurl  Neonalal  signilicantiy  improved  FiO,  and  ventilator 
settings,  reduced  pneumothorax  and  reduced  death  from  RDS,  but  increased  pulmonary  hemorrhage  isee 
WARNINGS)  Overall  modality  did  not  differ  significantly  between  the  placeDoand  Exosurl  Neonatal  groups  (see 
Table  1  m  full  product  information)  Data  on  multiple  doses  m  mlants  m  this  weight  class  are  not  yet  available 
Accordingly  clinicians  should  caretully  evaluate  the  poieniial  risks  and  Denefits  ol  Exosurl  Neonatal  administra- 
tion in  these  infants  Rescue  Treatment-Number  of  Doses:  A  small  numDer  of  infants  wilh  RDS  have  received 
more  than  two  doses  of  Exosurl  Neonatal  as  rescue  treatment  Definitive  data  on  the  safely  and  efficacy  ot  Ihese 
additional  doses  are  nol  available  Carcinogenesis,  Mutagenesis.  Impairment  of  Fertility  Exosurf  Neonatal  at 
concentrations  up  to  10  000  ^g/piate  was  nol  mutagenic  in  the  Ames  Salmonella  assay  Long-term  studies  have 
not  been  perlormed  in  animals  to  evaluate  Ihe  carcinogenic  potential  of  Exosurl  Neonatal  The  eltecis  o!  Exosurt 
Neonalal  on  fertility  have  not  been  studied 
ADVERSE  REACTIONS: 

General:  Premature  Dirth  is  associated  with  a  high  incidence  of  morbidity  and  mortality  Despite  signilicanl  reduc- 
tions m  overall  mortality  associated  with  Exosurf  Neonatal  some  infants  who  received  Exosurf  Neonatal  devel- 
oped severe  complications  and  eilher  survived  with  permanent  handicaps  or  died 
In  controlled  clinical  studies  evaluating  the  salety  and  efficacy  ot  Exosurl  Neonatal ,  numerous  safety  assessments 
were  made  In  infants  receiving  Exosurl  Neonatal  pulmonary  hemorrhage  apnea  and  use  of  methylxanlhines 
were  increased  A  number  of  other  adverse  events  were  significantly  reduced  in  the  Exosurl  Neonatal  group 
particularly  various  forms  of  pulmonary  air  leak  and  use  ol  pancuronium  Tables  3  and  4  summarize  Ihe  results 
of  the  maiof  safety  evaluations  from  Ihe  controlled  clinical  studies 


Table  3:  Safety  Assessments'-Propliylaclic  Treatment  (Cont  | 


Numoer  ot  Doses 
BirmWeighi  Range 


Single  Dose  Single  Dose  Single  Dose 

500 10  700  grarrs      700  lo  1350  grams     700 10  1 100  grams 


1  vs  3  Doses 
700 10 1100  grams 


Table . 

Salety  Assessments 

'-Prophylactic  Treatment 

Number  of  Doses 

Single  Dose 

Single  Dose 

Single 

Dose 

l»S 

3  Doses 

Birth  Weight  Range 

500 10  700  grams 

700 10 1350  grams 

70010 1100  grams 

700  to  1100  grams 

Piaceho 

PiaceOo 

Placeoo 

EXOSURF 

EXOSURF 

Tiealment  Group 

|Air| 

EXOSURF 

(Airi 

EXOSURF 

(Airl 

EXOSURF 

lOose 

3  Doses 

Numoerol  Infants 

N  =  108 

N  =  107 

N  =  193 

N  =  192 

N=222 

N=224 

N  =  356 

N=360 

%  ol  Infants 

%ol  mlanls 

%  ol  Inlanis 

%  ol  Intants 

fnttavenlticufat  Hemorrhage 

(IVH) 

Overall 

51 

57 

31 

27 

36 

36 

38 

35 

Severe  i«H 

26 

25 

10 

8 

13 

14 

9 

9 

Pulmonary  Air  Leak  (PALI 

Overall 

52 

48 

16 

11 

32 

25 

29 

27 

Pneumothorax 

23 

10- 

5 

6 

19 

ir 

14 

12 

Pneumopericardium 

4 

2 

0 

<1 

1 

1 

1 

Pneumomediastinum 

1 

2 

3 

7 

1" 

3 

2 

Pulmonary  Interstitial 

43 

44 

13 

?■ 

26 

20 

23 

22 

Emphysema 

Death  Irom  PAL 

6 

<1 

<1 

2 

1 

2 

1 

Palent  Ductus  Arteriosus 

49 

53 

66 

70 

50 

55 

59 

57 

Necrotizing  Enterocolitis 

4 

11 

13 

3 

4 

6 

2- 

Pulmonary  Hemorrhage 

10" 

2 

4 

1 

4 

4 

6 

Congenital  Pneumonia 

4 

2 

4 

2 

2 

1 

1 

Nosocomial  Pneumonia 

10 

10 

2 

4 

4 

7 

14 

15 

Non-Pulmonary  intedions 

33 

35 

34 

39 

28 

29 

35 

34 

Sepsis 

30 

34 

30 

34 

23 

24 

30 

27 

Death  From  Sepsis 

4 

3 

3 

1 

2 

3 

2 

Meningitis 

6 

3 

1 

2 

3 

1 

2 

Other  Infections 

4 

5 

3 

6 

10 

10 

11 

Maior  Anomalies 

1 

2 

4 

7 

4 

4 

4 

Placebo  Placebo  Placebo  EXOSURF     EXOSURF 

Treaimeni  Group       lAir)     EXOSURF     lAir)     EXOSURF     (Airl      EXOSURF       1  Dose       3  Doses 

Number  ol  mlanls       N  =  108      N  =  107      N  =  193      N  =  192     N  =  222      N=224         N=356        N=360 


%  ol  Inlanis 


%  ol  mlanls 


%  ol  Inlanis 


Hypotension 

70 

77 

52 

47 

59 

62 

54 

50 

Hyperbilirubinemia 

22 

21 

63 

61 

27 

31 

20 

21 

Exchange  Translusion 

4 

3 

1 

2 

2 

2 

3 

1 

Ihrombocylopenia' 

21 

25 

not  available 

9 

8 

12 

10 

Persistenl  Fetal  Circulation 

0 

1 

1 

1 

0 

2- 

1 

<1 

Seizures 

11 

8 

2 

2 

11 

9 

6 

5 

Apnea 

34 

33 

76 

73 

55 

65- 

62 

68 

Drug  Therapy 

Antibiotics 

96 

99 

98 

96 

98 

99 

>99 

^^^ 

Diuretics 

55 

60 

39 

37 

59 

63 

64 

65 

Aniiconvulsants 

14 

18 

23 

24 

20 

16 

9 

8 

Inolropes 

46 

40 

20 

20 

26 

20 

28 

27 

Seoaiives 

62 

71 

65 

64 

63 

57 

52 

5? 

Pancuronium 

19 

11 

22 

14* 

19 

13- 

15 

11 

Methylxanlhines 

38 

43 

77 

77 

61 

72- 

75 

82- 

^  All  parameters  were  examined  wilh  as-lreateO 
^'  Thrombocytopenia  requiring  plaielel  transfusion 

analyses 

•  p<0  05 

•  p<0  01 

Table  4:  Safety  Assessments' -Rescue  Treatment 

Number  of  Doses 
Birlh  Weight  Range 

Two  Doses 
70010  1350  grams 

Two  Doses 
1250  grams  and  above 

Treatmeni  Group       Placebo  lAir)       EXOSURF 
NumDer  ol  Inlanis          N  =  213            N=206 

Placebo  (Air)      EXOSURF 
N=622             N=615 

%  of  Infants 

%  ol  Intants 

Iniravenlriculaf  Hemorrhage  (IVH) 

Overall 

48 

52 

23 

18- 

Severe  IVH 

13 

9 

5 

4 

Pulmonary  Air  Leak  (PAL) 

Overall 

54 

34— 

30 

18— 

Pneumolhorax 

29 

20- 

20 

10--- 

Pneumopericardium 

4 

1 

1 

2 

Pneumomedidslinum 

8 

4 

5 

2" 

Pulmonary  Interslitial  Emphysema 

48 

25- •• 

24 

13'" 

Death  Irom  PAL 

7 

3 

<1 

1 

Patent  Ductus  AMenosus 

66 

57 

54 

45- 

Necrolizing  Enterocolitis 

3 

3 

1 

2 

Pulmonary  Hemorrhage 

3 

1 

<1 

1 

Congenital  Pneumonia 

2 

3 

2 

2 

Nosocomial  Pneumonia 

5 

7 

2 

2 

Non-Pulmonary  Inlections 

19 

22 

13 

13 

Sepsis 

15 

17 

8 

8 

Death  From  Sepsis 

<1 

<1 

1 

<1 

Meningitis 

1 

<1 

1 

<r 

Other  Infections 

5 

8 

5 

6 

Mator  Anomalies 

3 

3 

4 

4 

Hypotension 

62 

57 

50 

39" 

Hyperpilirubinemia 

17 

19 

12 

10 

Exchange  Transfusion 

3 

4 

1 

2 

Thrombocytopenia' 

10 

11 

4 

<1-- 

Persistent  Fetal  Circulation 

1 

1 

6 

2" 

Seizures 

10 

10 

6 

3- 

Apnea 

48 

65" 

37 

44* 

Drug  Therapy 

AntiOiotics 

100 

99 

98 

98 

Diuretics 

60 

65 

45 

34"* 

Anticonvulsants 

17 

17 

10 

5" 

Inolropes 

36 

31 

27 

16"- 

Sedatives 

72 

68 

76 

64"- 

Pancuronium 

34 

17-' 

33 

,5... 

Methylxanlhines 

62 

74-- 

49 

53 

■'All  paramelers  were  examined  with 

as-lreated   analyses 

•  p<0  05 

■••  p<0  001 

"Thrombocylopenia  requirin 

g  platelet  translusion 

■•  p<0  01 

Pulmonary  Hemorrhage:  See  WARNINGS  Abnormal  Laboratory  Values:  Abnormal  laboratory  values  are  com- 
mon incnlically  ill  mechanically  ventilated  pieni.ii  !■•  i''.i'i'  A  higher  mcidenceotabnormaliaboraloryvalues 
inthe  Exosurl  Neonalal  group  was  not  'eoorled  Events  During  Dosing  Data  on  events  during  dosmg  are  available 
Irom  more  than  8800  infants  m  the  open  unconUolied  ciimcal  study  iTaOle  5i 


Table  S  Events  During  Dosmg 

n  Ihe  Open,  Uncontrolled  Study' 

Treaimeni  Type 

Prophylactic  Treatment 

Rescue  Treatmeni 

NumDer  of  irlints 

N  =  II27 

N  =  7711 

%  ot  Intants 

%  ol  Inlanis 

Rellux  ol  Exosurl 

20 

31 

Drop  in  0,  saturation  (2  20%) 

6 

22 

Rise  in  0,  saturation  (>  10%) 

5 

6 

Drop  in  Iranscutaneous  pO,  l  »  20  mm  Hgl 

1 

8 

Rise  in  transculaneous  pO,  i  >  20  mm  Hg) 

2 

5 

Drop  in  transcutaneous  pCO.  I  >  20  mm  Hg) 

<1 

1 

Rise  in  transcutaneous  pCO,  I  a  20  mm  Hg) 

1 

3 

Bradycardia  (<60  beats/mm) 

1 

3 

Tachycardia  (>200  beals/min) 

<1 

<1 

Gagging 

1 

5 

Mucous  Plugs 

<1 

<1 

-  Infants  may  have  experienced  more  than  one  event 
Investigators  were  prohibited  Irom  adjusting  FiO,  and/or  ventilator  settings  during  dosing  unless  signilicanl 
clinical  deterioration  occurred 

Reflux:  Rellux  ot  Exosurl  Neonalal  into  ihe  endotracheal  tube  during  dosing  has  been  observed  and  may  be 
associated  with  rapid  drug  administration  if  reflux  occurs  drug  administration  should  be  halted  and  if  necessary 
peak  mspiralory  pressure  on  the  ventilator  should  be  increased  by  4  to  5  cm  H,0  until  the  endotracheal  tube 
clears  >20%  Drop  in  Transcutaneous  Oxygen  Saturation:  It  transcutaneous  oxygen  saturation  declines  dur- 
ing dosmg  drug  administration  should  De  halted  and  if  necessary  peak  inspiratory  pressure  on  Ihe  ventilaior 
should  be  increased  Dy  4  to  5  cm  HjO  lor  1  to  2  minutes  In  addition,  increases  of  FiO,  may  be  reguired  for  1 
to2mtnules  Mucous  Plugs  See  WARNINGS 
DOSAGE  AND  ADMINISTRATION:  See  full  product  information 
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Efficacy  and  impressive  safety  profile  of  EXOSUKF"  Neonatal' ' 
confirmed  in  continued  widespread  use 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  y^ar-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulmonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  follow-up  evaluated  developmental  outcomes 

Double-blind  1-year  foUow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings^'" 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life.' 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  use  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-mLkg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 

References:  1.  BoseC.  Cortjet  A.  BoseG.  etal.  impraved  outcome  at  28  days  of  age  for  very  low  biriti  weight  infants  treated  vvrth  a  single 
dose  of  a  syntnetic  surfactam.  J  P&Hatr.  1990:1 1 7:947-953.  2.  Cortiet  A,  Bucoafell  R,  Goldman  S,  et  al.  Decreased  moriaJrty  in  small 
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EXOSURF  Neonatar 

(COLFOSCERILPALMITATE.  CETYL  ALCOHOL  TYLOXAPOL) 
For  Intratracheal  Suspension /ID  mL  vials 

PUASE  CONSUL!  FUl^  PfiGDUa  INFORMATION  BEFORE  PRESCRIBING. 
INDICATIONS  AND  USAGE:  Exssurf  NeonataJ  is  mdcaled  tor 

'  Praphytactc  treatment  at  mtanls  with  Oirth  weights  ol  less  than  1350  grams  who  are  at  nsk  o(  dewkiping 
RDSisee  PRECAUTIONS) , 

2  ftnpl^ftadic  treatment  of  infants  with  Dtflhwaghtsgrealer  than  135^ 
mvnesunty  and 

3  Rescue  T'^tn-^ef'T  o(  infants  who  have  developed  ROS- 

COHTRAINDCAnONS:  There  are  no  known  contraindicalions  to  treatmem  with  Exosurf  Neorstal 


WAHNM6S:  IrtratrxJieai  Adwinuli  <ioii  Onlif:  Exosurl  Neonatal  should  be  adrrunislered  onty  by  msnilalion  m- 
\o:r>e\'3c^ea  Gerieral:  The  use  of  EasurfNeoriatal  requires  expert  clinical  care  by  experienced  neonalatogts& 
and  otrief  dmcians  <who  are  accomplished  31  neonatal  intudation  and  wnttaKiry  management.  AdequSe  per- 
sonnel. tacADes.  equipment,  and  medcations  are  required  K}optBraze  pennalal  outcome  m  prerrtature  inbnts 
insUation  of  Exosurf  Neonatal  shoirid  De  pertormed  only  by  trained  merScat  personnel  experienced  m  affway 
and  cfinical  management  of  unstable  premature  intents  Vigilant  cluneal  attention  should  be  given  to  all  intents 
pnorto-durmg.  and  after administralnn  of  Exosurl  Neonatal  AarteBleds:  Exosurf  Neonatal  can  rapidly  affect 
oxygenation  and  lung  compliance.  Lmg  Caapince:  It  chest  expansnn  mpm^s  subst^itialy  after  dosing, 
p^fc  wiiiibur  inspiralEiry  pressures  should  be  reduced  nvnedslefy.  wdhout  waAng  tor  confirmabon  of  respvalory 
nvtMrrcnl  by  blood  gas  assessmerft  FaAjre  to  reduce  nspirasory  venUator  pressures  r^Kty  in  such  instances 
can  result  m  lung  merdistenten  and  teal  pulmonary  air  leak.  Hyperada:  If  the  <ntent  becomes  pink  and 
transcutaneous  oxygen  saturabon  IS  tn  eicess  of  95%.  FiO,  should  be  reduced  m  small  but  repeated  steps  I  until 
saturabonis90to95H)wfthout«aifingtorconfinnationofeievaledartenalpOibybloodgasassessmem  Fail- 
ure to  reduce  RO,  n  such  instances  can  result  in  hyperoxia  HypKvtn:  it  artenal  or  transcutaneous  COj 
measurements  ae  <30  torr.  the  i^ntilator  rate  should  be  reduced  al  once  Fadure  to  reduce  wntilalor  rates  m 
such  tftstances  can  resuQ  in  marlcedhypocartn.whch  IS  kncMm  to  reduce  brain  blood  tlmr  MnmaryHeiior- 
rtage:  In  the  single  study  conducted  in  inteits  weighing  <700  grams  at  binti  the  incidence  of  pulmonary  hemor- 
rtiage  (10%  vs  2%  m  the  placebo  group)  was  significanQy  increased  m  the  Exosurf  Neonatal  group  None  of 
the  five  studes  mwKing  intents  with  birth  veghts  >7ro  grams  shmved  a  significani  increase  m  pulmonary 
hemorrtiage  in  the  Emsurl  Neon^al  group,  in  a  cross-study  andysts  ot  these  five  studies,  pulmonary  hemor- 
rhage was  reported  IbrtS  (14/1420)  of  intents  in  the  ptecebo  group  and  2%  (27/1411)  of  mtents  in  the  Exosurf 
Neonatal  group.  FaQi  pulmonary  hemorrhage  occurred  m  three  intents,  two  m  the  Extsurt  Neonatal  group  and 
one  in  the  placebo  group-  Mortaky  from  all  causes  among  intents  who  developed  pulmonary  hemorrti^e  was 
43%  in  the  placstn  groi^  and  37%  in  the  Essurl  Neonatal  group.  Pulmonary  hernoTThage  in  bolti  Exisi^  Neonatal 
and  ptecebo  intents  was  more  frequent  in  intents  wtw  were  youngs:  smaHermale.  or  who  had  a  patent  ductus 
tfteriosus  Pufcnonary  hemorrtiage  typcafly  occurred  m  the  first  2  days  of  fife  m  both  treatment  gnups  inmore 
Itian  7700  inbnts  in  Sie  open,  unconmded  study,  puknortary  hernorrtiage  was  reported  in  4% .  out  tetal  puknonary 
hemorrtiagewasreported  rarely  (0  4%)  In  thecontrolled  clinical  stutfies.  Exosurl  Neonatal  treated  intents  who 
received  steroids  rnore  than  24  hours  prior  to  delivefy  or  indomethaan  postnatafly  had  a  lower  rate  ot  pulrncviary 
hemoritHge  than  other  E)csurt  Neonatal  ireaedrtantS-ABergion  should  Be  paid  to  early  and  aggresswdagnosis 
and  tieatineiit  (unless  conlraindic^ed)  of  patent  ductus  arteriosus  dunng  me  &rst  2  days  of  life  (while  die  duc- 
tus arteriosus  is  oAen  CMoly  silent)  Ottier  potentialy  protediw  measures  include  attempting  to  decrease 
F^  pr^ggaalfy  over  veiiaalor  pressures  dunrig  the  first  24  to  48  hours  alter  dosing,  and  attempting  to  de- 
crease  PEB^rnlnimalyfer^least  48  hours  after  dosing  lloEans  nigs:  Infills  whose  >eraasion  becomes  rriar^ 
ly  mpared  durmg  or  shortly  after  dosing  may  have  mucous  plugging  of  the  endotracheal  tube,  panicularly  if 
pulmonary  secr^ons  were  promineni  prior  to  drug  adminislration  Sucttorung  of  aB  intents  pnn- to  dosing  rnay 
lessen  the  chance  ot  mucous  plugs  obstrucfing  the  endotractieai  tube  It  endotractieal  lube  obstruction  from 
such  plugs  is  suspected,  and  suctioning  is  unsuccessful  in  remming  the  obstruction .  the  blocked  endotracheal 
tube  should  be  replaced  immediately. 
PRECAUTIONS: 

General:  -  Tie  cormtiedcinKa  studies,  ■^rtekraawnprenately  or  postnataly  to  hare  mqofuiiybiitdlanomaies. 
;-  f.'-c  Are'r  suspected  ot  having  congenital  infection  were  exdudeo  from  entry  Hovrever  these  (Ssorders  can- 
not de  recognized  early  m  ife  m  aB  cases,  and  a  ^  ^^""s  *'!^-  ''^ese  ::"c■^o^s  we'^-rnTe'^  Tiie  benefits 
of  Exosurf  Neonatal  in  the  affected  intents  who  ^bcs-^c  z'-c  izze^-ec::  res^ri^-:^  re  oenefiis  observed 
01  mfants  without  anomafies  or  occult  infection  ProorrvtacticTreatmem-ln^nts-  700  Grams:  in  intents  weighing 
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500  to  7W  grams,  a  smgfe  prophytectic  dose  : 
sellings,  reduced  pneumothorax,  and  reduce:  : 
WIVRNINGS)  Overal  mortefety  did  not  (Sffer  siQ - 

teUe  1  m  fufl  product  mformation)  Daa  on  OIL ' : 
Accordingty .  cimK^ans  should  carefully  evaluate '  ~ 
tnn  01  these  intents  Rescae 'ftBAnri-Naabef :  Tc::: 
more  than  tvK)  doses  ot  Exosurf  Neanatel  as  res : - 
adcHional  doses  are  not  avateble.  CareiMgenes :   v    ;-  - 
concentr^ions  up  to  10 .000  fjg/pl^  was  not  r- . 
not  been  performed  in  animals  to  evaluate  the  can:<r«jQcr..c  jMct-i 
Neonatal  on  fertility  have  not  been  studied 
AOVeiSEREACnONS: 

General:  Prernature  bffth  is  assoceted  vnth  a  t*gh  inodencs  of  riiQrtMtty  and  morteMy  DespA^ 
tions  in  nertf  moriafity  assod^d  with  Exosurf  Neonatal,  sorne  intents  who  received  Ettsurf  Neonatal  devel- 
oped sewre  complicaiions  and  either  survived  with  permanent  handicaps  or  ded 
I  n  controled  chnical  studies  evaluating  the  safety  and  efficacy  of  Emsurf  Neonatal  -  numerous  safety  assessments 
were  made.  In  intents  recennng  Erasurf  Neonatel.  pulmonary  hemorrtiage.  apnea  and  use  of  mohytxantttnes 
were  increased  A  number  of  other  adverse  e/er^  were  significantty  reduced  in  the  Exosurf  Neortalal  group. 
pardcuterty  various  forms  (4  puknonary  air  leak  and  use  of  pancurrxmim  teUes  3  and  4  surnnanze  the  results 
0*  the  maior  safety  evaluations  from  the  controlled  diracat  stut&es 
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TaCie  4  SateiY  Assessments'— Rescue  Treatment 
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MaanayHeBantage:  See  WARNINGS  Mnaraal  LaliinlBTValiKS.-Ai]normailalioraDry  values  are  com- 
mon in  i:iitically  i .  inectaniisl^  venUaletL  premature  intaiS  A  nqlier  inraJEns  ol  abtnriisl  latnra^ 
in  tne  Eiosuil  Neonatal  group  was  noi  reported.  Eia<s  Iknq  taiq:  Caa  on  events  during  dosing  are  avaialile 
Iron  more  than  8800  inlants  m  the  open  uncsntralled  cMcai  study  iTatHe  Si 
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Drop  in  0;  saturation  I  >  ZO'i':,! 

Rise  in  0,  saturation  i  2 10%) 

Drop  in  transcutaneous  pO,  ( 2  20  nn  Hg) 

Rise  in  transcutaneous  pO,  ( 2  20  mm  Hg) 

Drop  in  transcutaneous  pCO.  1 2  20  mm  Hg  I 

Rise  in  transcutaneous  pCO;  ( 2  20  mm  Hgi 
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OOSAGE  AND  ADMINISTRATION:  See  run  produa  inlonnation 
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ABSTRACTS 


(average  of  4.3  measurements  per 
animal)  of  cardiac  output,  heart  rate, 
and  mean  arterial  blood  pressure 
were  made  at  baseline  and  after  chest 
tube  placement  over  the  right  ven- 
tricle. The  data  were  analyzed  using 
a  paired  /  test  statistic.  Compared 
with  baseline  measurements,  there 
was  a  significant  decrease  in  cardiac 
output  (p  <  0.0001 )  and  mean  arterial 
pressure  (p  <  0.0001)  as  well  as  an 
increase  in  heart  rate  (p  =  0.0056)  af- 
ter placement  of  the  chest  tube  across 
the  right  ventricle.  We  conclude  that 
a  misplaced  chest  tube  compressing 
the  right  ventricle  can  impede  car- 
diac output  and  lead  to  a  low  cardiac 
output  state.  Physicians  inserting 
chest  tubes  in  patients  should  be  a- 
ware  of  this  potential  complication 
as  it  is  easily  treated  by  withdrawal 
of  the  chest  tube. 

Closure  of  a  Bronchopleural  Fis- 
tula with  Bronchoscopic  Instilla- 
tion of  Tetracycline — WR  Martin. 

AD  Siefkin.  R  Allen.  Chest  199l;99; 

1040. 

Persistcnl  bronchopleural  fistulas 
(BPF)  due  to  infection,  trauma,  or 
thoracic  surgical  procedures  are  of- 
ten difficult  to  manage.  We  report  a 
patient  with  fulminant  Suiphxlo- 
cocciis  aureus  pneumonia  compli- 
cated by  chronic  BPF  formation  that 
prevented  weaning  from  mechanical 
ventilation  due  to  severe  air  leak. 
Fistula  closure  was  ohtamcd  b\  in- 
stillation of  tetracycline  inti)  the  fis- 
tula via  a  fiberoptic  bronchoscope 
using  a  balloon  catheter  and  blood 
clot  occlusion  technique.  This  closed 
the  BPF  and  allowed  successful 
weaning  from  mechanical  ventila- 
tion. 

Reversible  Brain  Death:  A  Man- 
ifestation of  Aniitriptyline  Over- 
dose—KL  Yang.  DR  Dant/ker.  Chest 
l99|;Qg;l()37. 

Tricyclic  antidepressants  are  knov\n 
to  cause  central  nervous  system  de- 


pression. However,  a  generalized  de- 
pression of  brain-stem  functions  is 
rarely  reported.  We  report  a  patient 
in  deep  coma  with  complete  absence 
of  brain-stem  reflexes  after  she  had 
taken  a  large  quantity  of  amitripty- 
line.  With  continuous  supportive  treat- 
ment, she  eventually  regained  all  neu- 
rologic function  and  made  a  full  re- 
covery. 

PEEP  and  "Reverse  Mismatch:"  A 
Case  Where  Less  PEEP  Is  Best— 

FH  Hawker.  PJ  Torzillo.  AE  South- 
ee.  Chest  1991:99:10.34. 

A  V/Olung  scan  was  obtained  in  a 
patient  with  lower  left  lobe  (LLL) 
collapse  who  was  receiving  IPPV 
and  PEEP.  This  revealed  absent  ven- 
tilation and  hyperperfusion  to  the 
collapsed  lobe.  .-Xfter  a  reduction  in 
PEEP  from  1 2  to  ."S  cm  H:0.  a  repeat 
V/Qscan  showed  a  more  even  distri- 
bution of  pulmonary  perfusion.  Ar- 
terial hvpoxemia  improved. 

Pneumatic  Chest-Wall  Compres- 
sion: A  Cause  of  Respiratory  Fail- 
ure fnmi  Massive  Subcutaneous 
Emphysema — SE  Eveloff.  WE  Do- 
nat.  R  Aisenberg.  SS  Braman.  Chest 
1991:99:1021. 

Subcutaneous  emphysema  raielv 
causes  significant  adverse  clinical 
consequences.  Two  patients  had  tle- 
velopment  of  massive  subcutaneous 
emphysema  during  positive-pressure 
ventilation  that  resulted  in  chest-wall 
coiTipression  and  respiratory  failure. 
Drainage  of  the  subcutaneous  air  pro- 
duced dramatic  improvement.  Subcu- 
taneous emphysema  is  potentially  fa- 
tal in  ventilated  patients.  Specific  de- 
compression of  subcutaneous  tissues 
IS  iiidicaled  in  such  eviieme  cases. 

Dvsphasia  as  a  Manifestation  of  Oc- 
cult Hvpoxemia:  llie  Role  of  Ovim- 
etrv  durinj;  .Meal  limes     KK  (hap 
man.    AS    Rebuck.    Chcsi     IWhiW: 
10.^0. 

A   2.5-vear-old   woman    wiih   severe 


kyphoscoliosis  reported  a  6-month 
history  of  increasing  dysphagia  to 
both  liquids  and  solids.  A  barium 
swallow  and  esophageal  motility 
studies  showed  no  significant  gastro- 
intestinal abnormalities.  Trials  of  an- 
tispasmodic agents  were  unsuccess- 
ful in  relieving  her  symptoms.  Pul- 
monary function  tests  showed  a  se- 
vere restrictive  ventilatory  defect  (vi- 
tal capacity  =  0.67  L)  with  adequate 
oxygenation  and  alveolar  ventilation 
as  reflected  by  arterial  blood  gas  test- 
ing during  quiet  wakefulness.  How- 
ever, continuous  noninvasive  oxim- 
etry demonstrated  desaturation  to 
85%  while  eating.  These  transient 
episodes  of  desaturation  were  abol- 
ished by  the  administration  of  sup- 
plemental oxygen  delivered  by  nasal 
prongs.  Following  the  prescription  of 
supplemental  oxygen,  dysphagia  re- 
solved immediately,  with  weight 
gain  following  over  several  weeks. 
We  conclude  that  dysphagia  may  be 
a  presenting  feature  of  hypoxemia. 
This  case  report  draws  attention  to 
the  usefulness  of  continuous  nonin- 
vasive monitoring  of  oxygenation 
and  the  clinical  importance  of  at  least 
some  transient  hypoxemic  events. 

Technetium  ''''<"  Radiolabelin<;  of 
.\er()soli/ed  Druji  Particles  from 
Metered  Dose  Inhalers — C  ,Aiig.  R.I 
Perrv.  (iC  Smaldonc  J  .Aerosol  Med 
1991:4:127. 

To  assess  mechanisms  of  broncho- 
dilation  and  effectiveness  of  metered 
dose  inhalers,  it  may  be  useful  to  de- 
termine sites  of  drug  deposition  in 
the  lung.  To  establish  suitable  test 
aerosols,  two  brands  of  metered  dose 
inhalers  containing  bronchodilator 
(Brethaiie.  Proventil)  were  railiola- 
belcti  with  icchiietium  ('^JmTcl  ami 
tested  to  delermiiie  if  the  distribution 
of  radioisotope  in  the  aerosol  was 
representative  of  the  distribution  of 
agonist  aclivitv.  Cascade  impaction 
was  used  to  determine  the  particle 
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si/c  dislnbiiliiin  ol'  the  ladiiiisolopc 
and  drug  aerosols  by  assaying  each 
stage  of  the  cascade  using  scintilla- 
tion and  high  performance  liqmd 
chromatography  (HPLC)  techniques. 
Possible  inlluences  of  the  radiolab- 
eling  method  and  delivery  techniques 
on  the  particle  distribution  were  as- 
sessed by  analyzing  distributions 
from  nonradiolabeled  inhalers  using 
HPLC.  For  these  drugs,  there  was  an 
excellent  correlation  between  the  dis- 
tribution of  radioactivity  and  the  drug 
u  iihm  the  captured  aerosol  ( Biclhaire, 
r  =  0.994,  Proventil.  r  =  0.998:  20-200 
consecutive  puffs).  Distributions  were 
close  to  log-normal  and  differences  in 
mass  median  aerodynamic  diameter 
(MMAD)  between  the  radioisotope 
and  agonist  activities  were  not  sig- 
nificant (Brethaire.  MM.^D  -i-  a  g. 
radiolabel  vs  drug  =  4.7  ±  2.1  (an.  vs 
4.4  ±  1.7  /m.  and  Proventil.  2.5  ±  2.1 
^rni,  vs  2.4  ±  2.0  /an.  Non-labeled  in- 
halers produced  similar  drug  dis- 
tributions (Brethaire  4.2  ±  l.S  ^an. 
and  Proventil  2.0  ±  1.9  /an).  Pausing 
between  actuations  resulted  in  slight- 
ly smaller  distributions  (Brethaire, 
3.6  ±  1.8  /an,  Proventil  1.8  ±  1.8  /an, 
20  puffs-60  pauses)  but  the  differen- 
ces were  not  significant.  In  addition, 
to  search  for  multimodal  distribu- 
tions and  assess  the  accuracy  of  the 
MMAD  measurement  via  our  cas- 
cade impactor  (Dclron).  we  also 
measured  the  distribution  of  the  mass 
of  material  within  the  aerosols  using 
a  weight-sensitive  cascade  (California 
Measurements).  Using  the  latter  device 
( 1  puff),  the  mass  distributions  of  both 
aerosols  were  similar  to  the  values 
obtained  from  the  puffs  with  pauses 
( Brethaire  3.8  ±  2.3  /an,  Proventil  1 .4 
±  2.2  /an).  Multimodal  distributions 
were  not  found.  By  all  assessments, 
the  distributions  were  nearly  log- 
normal  with  drug  activity  well  de- 
scribed by  the  radiolabel. 


A  Siii^le-Hlind  Study  of  Comljjned 
Pulse  Oximetry  and  Capno}jraphy 
in  Children— CJ  Cote,  N  Rolf,  LMP 
Liu,  NG  Goudsou/,ian.  JF  Ryan,  A 
Zaslavsky,  et  al.  Anesthesiology  1991; 
74:980. 


This  single-blind  study  exannned 
foLU'  levels  of  monitoring  in  402  pe- 
diatric cases.  Patients  were  randomly 
assigned  to  one  of  four  groups:  ( 1 ) 
oximeter  and  capnograph,  (2)  only 
oximeter,  (3)  only  capnograph,  or  (4) 
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neither  iiximeter  nor  capnograph  data 
a\ailable  to  the  anesthesia  team.  An 
anesthesiologist,  not  involved  in  pa- 
tient care,  observed  ail  cases  and 
continuously  recorded  hemoglobin 
oxygen  saturation  (SpO:)-  ECG.  ex- 
pired CO;,  and  the  oximeter  ple- 
thysmographic  output.  Mean  age, 
weight.  ASA  physical  status,  airway 
management  (mask  or  endotracheal 
tube),  and  anesthetic  techhnique 
were  similar  in  each  group.  Two- 
hundred-sixty  problems  were  doc- 
umented in  153  patients.  Fifty-nine 
events  in  43  patients  resulted  in  "ma- 
jor" desaturation  (SpO:  S  859^  tor  > 
30  seconds).  Fifteen  "major"  cap- 
nograph e\ents  (esophageal  in- 
tubation, disconnection,  accidental 
extubation.  or  obstructed  endotra- 
cheal tube)  were  observed  in  1 1  pa- 
tients; 8  of  these  also  de\eloped 
var\ing  degrees  of  desaturation. 
One-hundred  thirty  "minor"  desatur- 
ation e\ents  (Spo;  <  95'*  for  >  60 
seconds)  and  79  "minor"  capnograph 
events  (hypercarbia  or  hypocarbia) 
were  obser\ed.  A  number  of  prob- 
lems fulfilled  criteria  in  multiple  cat- 
egories. Infants  <  6  months  of  age 
had  the  highest  incidence  of  major 
desaturation  events  (18  of  65  [27'/r|) 
compared  to  toddlers  7-24  months  of 
age  or  children  >  24  months  of  age 
(p  <  O.OOl).  Blinding  the  oxiniclcr 
data  increased  the  number  of  patients 
(12  vs  31  )  experiencing  major  desat- 
uration e\cnts  ip  =  0.003);  blinding 
the  capnograph  data  altered  neither 
the  freqLiency  of  desaturation  events 
nor  the  incidence  of  major  capno- 
graph events.  Blinding  the  capno- 
graph data  increasetl  the  number  of 
patients  with  minor  capni)graph 
events  (22  vs  47;  p  =  0.0026).  More 
patients  experienced  multiple  prob- 
lems when  neither  capnograph  nor 
oximetei  data  were  available  com- 
pared to  when  both  were  available 
(23  vs  I  1;  p  =  0.()4l.  We  conclude: 
( 1 )  The  pulse  oximeter  is  far  superior 
to  either  the  capnograph  or  clinical 


judgment  in  providing  the  earliest 
warning  of  desaturation  events.  (2) 
Capnography  can  provide  an  early 
warning  to  potentially  life-threaten- 
ing problems,  but  such  problems  of- 
ten result  in  desaturation.  (3)  Cap- 
nography reduces  the  incidence  of 
hypercarbia  and  hypocarbia.  (4)  In- 
fants <  6  months  of  age  are  at 
greatest  risk  for  major  desaturation 
and  major  capnograph  events.  (5) 
The  number  of  problems  observed 
can  be  significantly  reduced  when 
both  monitors  are  used. 

Comparison  of  Three  .Methods  for 
Measuring  Respiratory  Mechanics 
in  \entilated  Children — M  Seear. 
1)  Wenslcy.  H  Werner.  Pediatr  Pul- 
monol  1991;  10:291. 

Continuous  measurements  of  airway 
pressure,  gas  flow,  and  tidal  volume 
were  made  in  22  mechanically  ven- 
tilated children,  both  during  steady- 
state  conditions  and  following  air- 
way occlusion  at  end-intlation.  For 
each  child,  three  methods  of  an- 
alyzing the  stored  data  were  used  to 
generate  values  of  respiratory  system 
compliance  and  resistance:  ( I )  end- 
inspiratory  hold  technique  (Bone, 
Respir  Care  1983:28:597;  Rossi,  et 
al.  Am  Rev  Respir  Dis  I985;131: 
672);  (2)  constant  flow  technique 
(Rossi,  et  al.  J  AppI  Physiol  1985;58: 
1849;  Suratt.  et  al.  J  Appl  Physiol 
1980:49:1116);  and  (3)  multiple  lin- 
ear regression  (Rov.  et  al.  Comput 
Biomed  Res  1974:7:21;  Bhutani.  et 
al.  Pediatr  Pulmonol  1988:4:150).  In 
the  absence  of  an  accepted  standard, 
we  used  the  inspiratory  hold  tech- 
nu|ue  as  a  reference.  All  methods 
gave  comparable  vakies  for  respi- 
ratory mechanics  over  a  wide  clini- 
cal range.  However,  multiple  linear 
regression  was  the  most  convenient 
of  the  three;  It  can  be  automated  and 
continiiouslv  displaved.  there  is  no 
subjective  input,  values  are  taken 
throughout  the  respiratory  cycle,  and 


it  is  completely  noninv asive.  We  also 
found  that  respiratory  system  resis- 
tance w  as  largely  a  measure  of  endo- 
tracheal-tube  resistance  and  that  res- 
piratory compliance  is  a  more  sensi- 
tive monitor  of  lung  function  in  intu- 
bated children. 

Kffect  of  \  ascular  Puncture  on 
Blood  Gases  in  the  Newborn — EH 

Kim.  RS  Cohen.  P  Ramachandran. 
Pediatr  Pulmonol  199l;l():287. 

Continuous  monitoring  methods 
have  shown  changes  of  oxvgenation 
in  neonates  during  various  proced- 
ures. However,  actual  changes  in 
blood  gases  during  vascular  punc- 
tures have  not  been  reported.  We 
studied  the  effect  of  vascular  punc- 
ture on  arterial  blood  gases  during 
routine  venipuncture  in  17  neonates 
who  had  indwelling  arterial  cath- 
eters. Arterial  blood  gases  were  an- 
alyzed before,  during,  and  following 
recovery  from  venipuncture.  Ventila- 
tor settings  were  not  changed  during 
the  study,  though  oxygen  concen- 
tration (Fio;)  was  adjusted  as  in- 
dicated by  continuous  Pq:  or  satur- 
ation monitors.  During  venipuncture, 
there  was  a  significant  fall  in  PaCO: 
from  38  ±  5  to  32  ±  7  toiT  (p  < 
0.0001 )  and  in  PyO:  from  75  ±  21  to 
58  ±  23  ton-  (p  <  0.0001 ).  Following 
venipuncture,  both  values  returned  to 
baseline.  The  results  of  this  studv  im- 
ply that  blood  gases  obtained  by  in- 
termittent arterial  sticks  may  provide 
data  that  do  not  accurately  reflect  the 
neonates'  respiratory  status. 

Predicted  Values  for  I-ung  Diffus- 
ing Capacity  in  Health)  Chil- 
dren—SZ  Nasr.  P  Amalo.  R\\ 
Wilmott.  Pediali  Pulmonol  I  90  1;  10: 
267. 

Lung  diffusing  capacitv  was  meas- 
ured in  92  healthy  Caucasian  chil- 
dren (52  boys  and  40  girls),  ranging 
in  age  from  6  to  17  years,  using  the 
single  breath  carbon  monoxide  tech- 
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nique  (Dlco)-  Multiple  regression 
equations  were  dexeloped  to  predict 
the  Dlco  value.  Standing  height, 
gender,  weight,  and  age  were  sig- 
nificant factors  in  the  prediction  of 
Dlco-  Sitting  height  was  not  a  sig- 
nificant co\ariate  when  standing 
height  was  in  the  model,  but  it  could 
replace  standing  height  in  the  equa- 
tion. Equations  are  presented  for  the 
calculation  of  predicted  Dlco  in 
children  based  on  standing  or  sitting 
height,  age.  se.x.  and  weight. 

Predictors  of  Neurodevelopmental 
Outcome  Following  Bronchopul- 
monary Dysplasia — JM  Luchi.  FC 
Bennett.  iC  Jackson.  AJDC  1991; 
145:813. 

In  infants  with  bronchopulmonar) 
dysplasia,  the  influence  of  the  sever- 
ity of  their  pulmonary  disease  on 
neurodevelopmental  outcome  is  un- 
known. Neurodevelopmental  out- 
comes at  a  mean  age  of  36  months 
were  assessed  in  27  premature  sub- 
jects who  had  bronchopulmonarN 
dysplasia.  Subjects  had  a  mean  birth 
weight  of  940  g  (range  .^40  to  1 .690 
g)  and  a  mean  gestational  age  of  27 
weeks  (range.  25  to  31  w).  The  du- 
ration of  mechanical  ventilation 
ranged  from  22  to  128  da>s.  and  the 
duration  of  requirement  of  supple- 
mental oxygen  ranged  from  34  to 
1.033  days.  No  significant  correla- 
tions were  found  between  duration  of 
mechanical  ventilation  or  oxygen 
therapy  and  overall  neurodevelop- 
mental outcome.  In  contrast,  cranial 
ultrasound  findings  of  intracranial 
hcmonhagc  and/or  periventricular 
echodensitx  related  specificalh  to 
poorer  cognitive  outcome.  By  age  3 
years,  severity  of  bronchopulmonary 
dysplasia  is  not  a  sufficient  predictor 
ol  neurodevelopmental  outcome.  In- 
tracranial hemorrhage  and  periven- 
tricular cchodcnsit)  continue  to  be 
important  predictors. 


910 


Circle  121  on  reader  service  card 


RESPIRATOR^■  TARF  •.SEPTEMBER  "91  Vol  36  No  9 


Make  The  Right  Choice 

^_^        AFROCH  AMBER®  is  fast  becoming  the  choice  over  SmaU  Volume  Nebulizer  for  better 
KT        S^r^^oSiz^d  medicatior.'  T^e  AEROCHAMBER  is  as  ef  fi-r^t  -d  ef^^- 
■l^^^  iSleieofSVN.'"  With  the r^ewFLOWSIGnal™,  the  patient  jsencouraged  to  inhale 
^^■S  correctly  to  obtain  the  optimum  benefit  from  the  medications  (MDI). 
^„^_J^     AEROCHAMBER  can  also  provide  significant  cost  savings.'- 
^"^         For  immediate  response  to  medications  with  the  minimum  of  time  a^^d  effort 

Improving  The  Ftthtre  Today 


MOM  AHH  AN  MEDICAL  CORPORATION 

PO  Box  2805.  PlattsburgrNYT2"or8W33:9653    In  NY  518/561-7330    FAX  518/561-5660 

a,RerBe«„b„,_^MJJB..se,.a,,W^Cu^^ 


Circle  139  on  reader  service  card 


The  following  companies  were  designated  as  Conference  Sponsors  and  Donors  in  recognition  of  their 
educational  grants  to  the  American  Respiratory  Care  Foundation  that  made  the  Conference  possible.  Each 
Sponsor  identified  a  Respondent  to  participate  in  discussions  and  react  to  presentations  and  up  to  three 
representatives  to  act  as  Observers  throughout  the  conference.  Donors  identified  one  or  two  representatives 
to  act  as  Observers. 


Sponsors: 

Allen  &  Hanburys.  Division  of  Glaxo  Inc 
Baxter  Healthcare  Corp,  Pharmaseal  Division 


Boehringer  Ingelheim  Pharmaceuticals  Inc 


Hudson  Respiratory  Care  Inc 
ICN  Pharmaceuticals  Inc 
Marquest  Medical  Products  Inc 
Monaghan  Medical  Corp 

Pall  Biomedical  Products 


Observers 


Duane  Kazal 
Doug  McDowell 
Tom  Michaels 

Joseph  Turi  PhD 
S  Montgomen  PhD 

Anne  Watson  RRT 


David  Wright 

Michael  Amato 
Mitch  Barens 
Martin  Foley 

Joseph  Parisi 


Respondents 


Wesley  Brown  RRT 
Melvin  Marks  MD 

Da\  id  Geller  MD 

Gerald  Smaldone  MD 


Donors: 

Amaric  Pharmaceutical  Research  Corp 

DHD  Medical  Products.  Division  of 
Diemolding  Corp 

Genentech  Inc 

Nellcor  Inc 

Peace  Medical 


Mary  Szalkowski 

Ron  McHenry 
Kevin  Corkerv  RRT 


Frank  Fegan 
Kevin  Fegan 


In\  ited  Guests  (as  ohsor\ers  onl\ ):  Michael  Boroch  MBA  RRT.  Terrance  C  Coyne  MD.  Bob  Demers  RRT. 
Dale  Eiserman,  Jim  Fink  RRT.  I.losd  Hayes  MD.  Sharon  McAvinue  RN.  Sue  Marino.  Jon  Nilsestuen  PhD 
RRT.  Alfred  Soffer  MD.  Ted  J  W  iick  DrPh  RRT 


912 


RESPIRATORY  CARE  •  SEPTEMBER  '91  Vol  36  No  9 


CONSENSUS  CONFERENCE  ON  AEROSOL  DELIVERY 


A  Special  Issue 

containing  the  papers  and  consensus  statement 

comprising  a  conference 

held  January  10-12,  1991,  in  Cancun,  Mexico, 

sponsored  by  the  American  Association  for  Respiratory  Care 

and  its  science  journal  Respiratory  Carh 

and  funded  through  educational  grants  coordinated  by 

the  American  Respiratory  Care  Foundation 

Faculty: 

John  R  Balmes  MD — San  Francisco,  California 
Richard  E  Chaisson  MD — Baltimore,  Maryland 
Myrna  B  Dolovich  PEng — Hamilton,  Ontario,  Canada 
Robert  J  Fallat  MD — San  Francisco,  California 
Robert  M  Kacmarek  PhD  RRT — Boston,  Massachusetts 
Heinrich  Matthys  MD — Freiburg,  Germany 
Stephen  P  Newman  PhD — London,  United  Kingdom 
R  Michael  Sly  MD — Washington,  District  of  Columbia 
Nils  L  Svedmyr  MD — Gothenburg,  Sweden 
Donald  P  Tashkin  MD — Los  Angeles,  California 
Hetty  Waskin  MD — Durham,  North  Carolina 

Special  Adviser: 

Scott  Deitchman  MD  PhD — Cincinnati.  Ohio 

Planning-Writing  Committee: 

Neil  R  Maclntyre  MD,  Chairman — Durham,  North  Carolina 

Pat  Brougher  RRT — Dallas,  Texas 

Dean  Hess  MEd  RRT — York,  Pennsylvania 

Michael  T  Newhouse  MD — Hamilton.  Ontario.  Canada 

David  J  Pierson  MD — Seattle,  Washington 

Irwin  Ziment  MD — Syhnar,  California 


RESPIRATORY  CARE  •  SEPTEMBER  "91  Vol  36  No  9  913 


Editorials 


Aerosol  Therapy:  The  Hard  Questions 


Aerosol  therap\  has  been  and  eontinues  to  be 
line  of  the  most  t'reqiientl\  ordered  respiratory  eare 
treatments  in  the  United  States  and.  indeed, 
throughout  the  world.  In  recent  years,  we  have  seen 
tremendous  progress  in  the  de\elopment  of  new 
drugs  to  treat  the  full  speetriun  of  respiratory  disease. 
We  are  now  on  the  threshold  of  an  era  that  alread\ 
has  ushered  in  "exotic"  aerosols  for  the  treatment 
of  the  complications  of  respiratory  syncytial  virus 
infections.  Pneiinuicystis  carinii  pneumonia,  and 
respiratory  distress  s\  ndrome. 

There  is  concern  that  such  drugs  may  pose  a  health 
risk  to  those  who  render  the  therapy  and  attend 
the  patient.  In  addition,  important  questions  are 
being  raised  regarding  the  cost  benefits  of  aerosol 
therapy:  ( 1 )  Is  the  procedure  "simple"  enough  to 
allow  persons  who  are  not  formalls  trained  to  mix 
and  administer  the  drugs  via  the  aerosol  route?  (2) 
How  often  and  in  what  doses  should  specific 
aerosols  be  administered'.'  (3)  What  are  the  current 
professional  standards  for  aerosol  administration? 

These  questions  and  others  take  on  additional 
importance  when  one  recognizes  that  the  health- 
care delivery  system  in  this  country  is  teetering  on 
the  brink  of  collapse  because  of  hea\_\-handed 
efforts  to  limit  spending.  As  the  the  national  deficit 
continues  to  be  the  major  problem  in  the  United 
States,  its  impact  on  the  health-care  system  must 
not  go  unnoticed.  It  has  been  estimated  that 
approximately  S70()  billion  will  be  spent  on  health 
care  in  this  country  in  1991.  This  figure  represents 
approximately  1.3. 37?  of  our  gross  national  product. 
Many  believe  that  health-care  spending  levels  in 
this  country  are  too  high:  whereas  others  belie\e 
that  spending  levels  are  adequate  but  mistlirected. 
Whatever  the  position,  it  appears  that  the  policy 
makers  will  continue  to  question  medical  interven- 
tions and  by  ratcheting  down  reimbursement  will 
enforce  a  sort  of  rationinu  of  health-care  resources 


in  this  country.  We  see  added  to  this  rationing  the 
latest  dow  risi/ing  strategies  undertaken  by  hospitals, 
which  in  some  cases  involve  the  handing  over  of 
the  administration  of  aerosol  treatment  to  persons 
who  have  not  been  formally  trained  in  respiratory 
care — a  recipe  for  potential  disaster  or.  at  least,  a 
waste  of  resources  in  an  atmosphere  that  mandates 
the  husbanding  of  resources  and  the  administration 
of  efficacious  respiratory  care! 

Large  sums  of  money  ha\  e  been  spent  on  aerosol 
therapy  research,  but  precious  little  of  the  total  has 
been  earmarked  for  applied  research.  We  need  to 
know  now.  more  than  ever,  what  the  most  effective 
ways  are  to  administer  aerosol  therap\.  We  need 
to  knov\  what  resources,  human  and  material,  are 
required  to  bring  about  effective  aerosol  therapy; 
and.  yes.  we  need  to  know  when  aerosol  therapy 
is  not  effective.  As  respiratory  care  practitioners, 
we  must  contribute  to  the  solution  of  problems  of 
health-care  deli\er\  and  cost  rather  than  ciMitinuing 
to  be  part  o{  the  problem  b_\  failing  to  resolve 
questions  of  outcome  and  efficacy — information 
that  probably  should  have  been  developed  when 
the  pioneers  in  respiratory  care  realized  almost  .^0 
years  ago  that  a  discrete  bod\  o\  knowledge  does 
exist  related  to  ""oxygen  therapy."" 

About  2  years  ago.  the  American  Association  for 
Respiratory  Care  set  out  to  develop  national  practice 
standards  for  \  arious  respiratory  care  modalities  and 
clinical  interventions.  The  first  phase  of  this 
endeavor  was  an  exhaustive  literature  search,  and 
one  of  the  consequences  of  that  search  was  a 
confirmation  of  the  suspicion  that  more  questions 
remain  unanswered  than  are  answered  by  the 
literature.  The  Association  is  also  concerned  about 
the  health  and  welfare  of  its  practitioners,  especial  1> 
within  the  context  o^  the  administration  of  exotic 
aerosols  such  as  pentamidine  and  ribavirin.  It 
quickU  became  apparent  that  a  conference  to  review 


914 


RE.SPIR A  rOR^'  CARE  •  SEPTEMBER  "Ol  Vol  .^6  No  9 


EDITORIALS 


the  most  recent  developments  in  aerosol  therapy 
was  in  order.  We  also  believed  that  the  necessary 
gathering  of  international  experts  provided  an 
opportLinitN  tor  an  additional  product  of  the 
conference  that  heretofore  had  not  been  attempted 
by  the  Association.  That  product  v\ould  be  a 
consensus  statement — a  benchmark  on  applied 
aerosol  therapy  available  to  health-care  practitioners 
and  policy  makers  to  aid  in  decision  making 
regarding  resources,  utilization,  clinical  cffccti\e- 
ness,  and  practitioner  protection.  In  this  issue  of 
the  Journal,  you  have  the  opportunity  to  review  that 
document  and  the  related  conference  papers.  Please 
bear  in  mind  that  the  purposes  of  the  conference 
were  to  establish  consensus  on  the  most  efficacious 
methods  of  aerosol  deli\er\  and  to  address  concerns 
regarding  practitioner  protection  while  adminis- 
tering certain  aerosols.  Clinical  efficacy  of  the  drugs 
themselves  was  beyond  the  scope  of  this  conference. 
Many  aspects  of  aerosol  therapy  are.  indeed, 
controversial,  but  that  is  as  it  should  be  because 
no  one  owns  the  t:rand  \essel  that  holds  all  of  the 


knowledge.  I  do  believe  that  consistency  in  practice 
will  prove  to  be  the  foundation  for  future  applied 
clinical  research  in  aerosol  therapy,  and  1  do  belic\e 
that  we,  as  practitioners,  should  be  the  first  to  ask 
the  questions.  e\  en  the  hard  questions:  Is  this  therapy 
necessary?  Should  we  be  the  ones  administering 
it?  If  the  answer  is  No — the  therapy  isn't  necessary, 
and  we  shouldn't  be  doing  it — then,  it  is  imperative 
that  we  be  the  first  to  find  and  accept  that  negative 
answer  and  educate  the  rest  of  the  health-care 
provider  community.  On  the  other  hand,  if  we  are 
valuable  in  rendering  aerosol  therapy  and  if  a 
specific  aerosol  therapy  is  effective  in  treating  the 
patient,  then  let's  be  the  first  to  identify  the  optimum 
methods  in  order  to  fulfill  our  commitment  to 
providing  the  appropriate  match  between  respiratory 
care  resource  and  respiratory  care  need.  Isn't  that 
a  prime  directive? 

Sam  P  Giordano  MBA  RRT 

Executi\e  Director 

American  Association  for  Respirator)  Care 

Dallas,  Texas 
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Aerosol  Consensus  Statement — 1991 


Introduction 

Aerosols  are  widely  used  in  health  care,  both 
in  diagnosis  and  in  therap\ .  in  respiratory  care, 
increasing  application  of  aerosols  in  patient 
assessment  (eg.  sputum  induction  for  detection  of 
Pneumocystis  carinii)  and  tor  therapy  for  both 
airways  dysfunction  (eg,  bronchodilators  in  asthma) 
and  parenchymal  disease  (eg.  pentamidine  for 
prophylaxis  and  treatment  of  P  carinii  pneumonia) 
render  the  subject  especiall>  important.  Although 
objective  documentation  of  the  superiority  of  one 
device  or  technique  over  others  is  often  lacking, 
clinicians  must  nonetheless  make  practical  choices 
in  administering  aerosols  to  patients.  In  view  of 
the  importance  of  such  choices  in  the  face  of  an 
incomplete  database,  the  American  Respiratory  Care 
Foundation  and  the  American  Association  for 
Respiratory  Care  and  its  science  journal  Rkspiratory 
Care  convened  a  group  of  authorities  recognized 
for  their  work  in  the  science  and  application  of 
aerosols  to  establish  as  much  consensus  as  possible 
to  guide  the  clinician.  The  participants  met  for  three 
days  in  January  199]  to  address  this  task. 

Active  participants  consisted  of  the  faculty 
(persons  with  recognized  expertise),  designated 
respondents  from  industry,  and  the  writing 
committee.  Observers  from  clinical  medicine  and 
industry  were  present  but  did  not  participate.  The 
writing  committee  identified  principal  topics  and 
issues,  each  of  which  was  addressed  by  a  member 
of  the  faculty  in  a  formal  re\iew,  followed  by 
discussion  with  the  whole  group.  After  all 
presentations  had  been  made,  the  writing  committee 
prepared  the  initial  draft  of  a  working  document 
that  was  distributed  the  follouing  morning  for 
consideration  by  the  entire  group.  In  the  several 
hours  of  ensuing  discussion,  a  surprising  degree  of 
consensus  was  reached  on  most  issues;  those  for 
which  consensus  could  not  be  reached  were  noted. 

Following  the  conference,  the  second  draft  of  the 
consensus  statement  was  submitted  to  all  partic- 
ipants   for   revision:    after   editing    and    further 


modification,  the  entire  group  of  participants  was 
once  again  given  the  opportunity  to  comment  and 
approve  the  final  document  presented  here. 

1.  Aerosols  as  Therapy 

Certain  drugs  for  the  treatment  of  some  lung 
disorders  can  have  a  higher  therapeutic  index  (ie, 
ratio  of  desired  effects  to  side  effects)  when 
delivered  as  aerosols  than  as  parenteral  or  enteral 
therapy.  This  has  been  most  clearly  shown  for  a 
number  of  drugs  designed  to  treat  airway  dysfunc- 
tion (eg.  certain  beta-adrenergic  agonists,  anticho- 
linergics, and  corticosteroids).  It  also  appears  true 
for  certain  drugs  designed  to  treat  parenchymal 
disease  (pentamidine  and  ribavirin). 

2.  Aerosol  Physics 

Aerosol  effectiveness  is  a  function  of  the  dose 
deposited  at  the  appropriate  site  in  the  lungs.  Aerosol 
deposition  is  affected  b\  (a)  the  amount  of  aerosol 
produced  and  the  particle  characteristics,  (b) 
ventilatory  pattern,  and  (c)  airway  anatomy  and 
geometry. 

Aerosol  amount  and  particle  characteristics  are 
determined  by  the  aerosol  generator  and  the 
substance  aerosolized.  In  addition,  particle  charac- 
teristics can  change  (as  a  function  of  particle  velocity 
and  environmental  factors  such  as  temperature  and 
hiunidit) )  as  particles  mo\e  from  the  generator  to 
the  lungs.  Aerosol  particles  are  often  characterized 
by  their  mass  median  aerodynamic  diameter 
(MMAD)  and  the  geometric  standard  deviation 
(GSD)  of  their  median  aerodynamic  diameter.  (The 
MMAD  is  that  diameter  around  which  the  mass 
of  particles  is  equally  distributed.  The  GSD  is  a 
measure  of  the  dispersion  of  particle  diameters  in 
the  aerosol.)  Aerosol  particles  with  a  MMAD  ^  5 
jum  are  ideal  tor  deposition  in  the  lung  because 
oropharyngeal  deposition  may  predominate  with 
MMAD  >  5  //m.  The  depth  of  penetration  of  an 
aerosol  into  the  bronchial  tree  decreases  as  aerosol 
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particle  sizes  increase.  Generally,  aerosols  with 
MMADs  of  2-5  ;/in  are  considered  optimal  for 
delivery  to  the  airways,  and  aerosols  with  MMADs 
of  0.8-3.0  /vm  are  considered  suitable  for  drug 
delivery  to  the  parenchyma.  Particles  smaller  than 
0.8  ^m  are  generally  exhaled  and  thus  contribute 
little  to  the  therapeutic  effect. 

Factors  associated  with  ventilatorx  pattern  that 
affect  aerosol  deposition  include  inspiratory 
flow  rate  (generally,  inspiratory  flows  of  about  0.5 
L/s  optimize  deposition  of  liquid  aerosols,  whereas 
higher  tlows  often  appear  necessary  for  the 
generation  and  dispersion  of  dry  powder  aerosols). 
Breath-hold  at  end-inspiration  enhances  deposition 
due  to  particle  settling.  The  magnitude  of  the  tidal 
volume  affects  aerosol  deposition  largely  by 
influencing  the  amount  of  aerosol  delivered  to  the 
lungs. 

Ancitoinic  atui inith(>h>i>ic factors  affecting  aerosol 
delivery  involve  the  diameter  of  the  airways.  In 
general,  the  narrower  the  airways  (eg,  pediatric 
airways,  obstructed  adult  airways),  the  less  the 
aerosol  deposition  distally.  Aerosol  delivery  to  the 
lower  respiratory  tract  is  substantially  reduced  by 
the  presence  of  an  artificial  airway  (eg,  endotracheal 
tube). 

3.  Aerosol  Generators 

Clinical  aerosols  are  generated  by  (a)  nebulizers 
(jets,  ultrasonics),  (b)  metered  dose  inhalers  (MDI) 
with  and  without  accessory,  or  auxiliary  devices 
(eg,  actuators,  simple  spacers,  and  holding 
chambers),  and  (c)  dry  powder  inhalers  (DPI). 

The  output  capabilities  of /(c^/^^/Z-fA-.v  (both  amount 
aerosolized/unit  time  and  particle-size  distribution) 
vary  over  a  wide  range  depending  upon  design 
characteristics.  Clinicians  must  appreciate  this 
variability  and  be  cognizant  of  the  specific 
characteristics  of  a  given  nebulizer  in  a  given  clinical 
setting  before  using  it.  Nebulizers  should  incor- 
porate baffles  or  settling  chambers  to  reduce  large- 
particle  delivery  in  order  to  minimize  oropharyngeal 
and  large-airway  deposition.  Mouthpiece  deli\eiy 
is  preferable  to  mask  delivery  because  it  avoids  nasal 
deposition  and  simplifies  the  creation  of  a  closed 
system. 

Important  advantages  of  nebulizers  include  ease 
of  administration  (ie,  once  set  up,  aerosols  can  be 


deli\cred  for  prolonged  periods,  with  tidal 
breathing),  the  capability  to  aerosolize  large 
volumes  (eg,  15-20  niL/h  is  common  for  jet 
nebulizers,  with  higher  volumes/unit  time  reported 
for  ultrasonics),  and  the  capability  to  deliver 
medications  not  available  in  MDIs  or  DPls. 
Important  disadvantages  of  nebulizers  include  low 
lung  deposition  related  to  the  use  of  tidal  breathing 
(generally  2-10%  of  the  dose  placed  in  the  nebulizer, 
although  greater  deposition  can  occur  under  some 
circumstances),  the  consequent  need  for  higher 
doses  and  longer  administration  times,  the  asso- 
ciated costs,  and  the  risk  of  contamination. 

Metered  dose  inhalers  deliver,  as  a  bolus,  more 
concentrated  drug  aerosols  than  the  solutions 
commonly  available  for  nebulizers.  However,  MDIs 
require  proper  administration  techniques  for  optimal 
effect  (coordinated  actuation,  slow  inhalation  [0.5- 
0.75  L/s],  a  deep  breath  approaching  an  inspiratory 
capacity  inhalation,  and  at  least  a  4-second  breath- 
hold).  Consensus  could  not  be  reached  on  whether 
positioning  the  MDI  mouthpiece  4  centimeters  from 
the  open  mouth  before  actuation  of  the  MDI 
constitutes  optimal  technique.  MDIs  can  be 
equipped  with  devices  that  automatically  couple 
actuation  to  inspiratory  effort,  thus  eliminating  the 
need  for  coordinating  hand  actuation  with  inhala- 
tion. MDI  holding  chambers  also  eliminate  the  need 
to  coordinate  actuation  and  inhalation.  Spacers  and 
holding  chambers  also  decrease  particle  velocity  and 
reduce  the  number  of  large  particles.  Both  of  these 
features  reduce  oropharyngeal  and  large-airway 
deposition  with  a  consequent  reduction  in  systemic 
absorption. 

Deposition  of  aerosol  from  an  MDI  with  a  spacer 
or  holding  chamber  is  similar  to  (and  perhaps  better 
than)  deposition  from  a  properly  used  MDI  alone. 
Advantages  of  the  MDI  are  lung  deposition  of  10- 
15%  of  the  metered  dose  with  consequent  short 
treatment  times,  lower  costs,  and  increased 
convenience.  Disadvantages  include  the  need  for 
some  patient  cooperation,  the  practical  limitations 
and  inconvenience  associated  with  increased  dosing 
regimens,  the  limited  number  of  cuirently  available 
drugs,  and  ihe  present  dependence  on  chlorotluo- 
rocarbons  for  aerosol  generation. 

Diy  powder  inhalers  (DPls)  are  breath  actuated 
but  usually  require  a  higher  inspiratory  flowrate  than 
that  required  for  the  MDI  or  nebulizer.  Flowrates 
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of  1-2  L/s  are  optimal,  but  effectiveness  can  be 
seen  with  flowrates  as  low  as  0.5  L/s  with  some 
devices.  Advantages  include  the  ease  of  administra- 
tion and  the  fact  that  they  do  not  require 
chlorofluorocarbon  propellants.  However,  DPIs  are 
limited  by  the  dose  that  they  can  provide  and  by 
the  number  of  drugs  currently  a\ailable.  When  a 
DPI  is  used  properly,  deposition  appears  to  be 
similar  to  that  of  a  properly  used  MDI.  Disadvan- 
tages are  ( 1 )  they  usually  are  not  particle-size- 
selective,  and  thus  heavy  oropharyngeal  deposition 
may  occur  (similar  to  an  MDI  alone),  (2)  high 
humidity  en\  ironments  may  cause  clumping  of  the 
powder  particles,  and  (3)  DPIs  cannot  be  used  in 
ventilator  circuits. 

4.  Choice  of  Device 

In  general,  the  MDI  (or  MDI  plus  spacer  or 
holding  chamber)  is  the  most  convenient,  versatile, 
and  cost-effective  way  to  deliver  aerosols.  These 
devices  should  thus  be  the  first  choice  for  delivery 
in  adults  and  cooperative  children.  The  DPI  may 
be  an  acceptable  alternative  to  the  MDI  when  the 
necessary  flowrate  can  be  generated  by  the  patient. 

As  patients  become  less  able  to  actuate  and 
coordinate  these  devices  and  as  their  breathing 
pattern  becomes  suboptimal.  deposition  of  aerosol 
in  the  lung  decreases.  In  addition,  as  dosing  needs 
increase,  repeated  MDI  use  can  become  incon- 
venient for  both  patient  and  caregiver.  Under  any 
of  these  circumstances,  a  nebuli/er  becomes  an 
acceptable  alternative  delivery  device. 

In  the  presence  of  an  endotracheal  tube,  lung 
deposition  of  any  aerosol  is  reduced.  For  the 
intubated,  mechanically  ventilated  patient,  nebu- 
lizers (probably  best  placed  in  the  manifold)  and 
MDIs  (either  actuated  directly  into  circuit  or  into 
a  spacer  or  holding  chamber  as  clo.se  as  possible 
to  the  endotracheal  tube)  are  both  acceptable.  Dose 
adjustments  are  probably  indicated  under  these 
circumstances.  The  best  ventilatory  pattern  and  the 
best  aerosol-generation  technique  for  aerosol 
delivery  through  endotracheal  tubes  are  not  known. 

Parenchymal  dosing  with  such  drugs  as  pentam- 
idine and  riba\irin  requires  the  use  of  a  nebulizer 
because  of  current  drug  packaging.  Particle  sizes 
of  0.8  to  5.0  jiim  MM  AD  are  optimal  for  both  airway 
and  paiench\mal  deposition  of  ribaviiin.  although 


the  United  .States  Food  and  Drug  Administration 
has  recommended  the  Small  Particle  Aerosol 
Generator  (SPAG),  which  generates  ribavirin 
particles  with  a  MMAD  <  1 .5  /iin.  for  this  purpose 
in  children.  Particle  sizes  less  than  3  /.im  MMAD 
are  appropriate  for  pentamidine,  both  to  assure 
parenchymal  deposition  and  to  reduce  complications 
from  airway  deposition,  such  as  cough. 

5.  Dosing  Strategies 

Aerosol  effectiveness  is  a  function  o\'  the  dose 
deposited  at  the  appropriate  site  in  the  lung,  and 
this  deposition  can  vary  considerably  depending 
upon  generator  characteristics  and  other  factors. 
Because  of  this  and  because  "standard"  manu- 
facturer-recommended dosing  guidelines  for  some 
airway-specific  aerosols  (eg,  beta  agonists  and 
anticholinergics)  may  not  produce  a  maximal  effect 
in  all  patients,  dosing  regimens  (ie.  doses  and 
frequencies)  for  these  aerosols  can  be  increased 
under  appropriate  circumstances  (eg.  acute  airway 
dysfunction  or  presence  of  small-caliber  endotra- 
cheal tube).  Ideally  these  dose  increases  should  be 
titrated  to  carefull\  monitored  ohjecthe  responses. 
Good  data  exist  supporting  the  use  of  higher  doses 
of  beta2-selecti\e  agonists  under  these  circum- 
stances (eg.  MDI  doses  of  up  to  20  puffs  over  a 
10-20  minute  treatment  period,  repeated  every  20- 
30  minutes,  standard  ncbuli/er  doses  every  20 
minutes,  or  even  continuous  nebulization  of  higher 
concentrations  of  the  nebulizer  solution).  However, 
it  must  be  emphasized  that  with  high-dose  beta- 
agonist  regimens,  the  patient  must  be  properly  and 
continuously  monitored  for  side  effects  (especially 
cardiac  effects,  tremor,  and  h\pokalemia).  and  the 
patient  must  also  be  treated  comprehensi\ely  with 
systemic  and  other  therapies  to  ctirrect  airway 
dysfunctiiMi. 

For  maintenance  therapy  for  patients  w  ith  steroid- 
responsive  chronic  airway  obstruction,  high-dose 
inhaled  steroids  from  an  MDI  with  spacer  or  holding 
chamber  (to  reduce  oropharyngeal  deposition  and 
resultant  complications  such  as  hoarseness  and 
candidiasis)  are  acceptable  (up  to  2-mg  beclometh- 
asone  or  equi\alcnt  per  da\ ).  The  greater  risk  of 
local  side  effects  or  some  adrenal  suppression  from 
these   higher  doses   is   preferable   to   the   greater 
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systemic  toxicity  of  bioequivalciit  doses  ot  cnteial 
steroids. 

At  the  present  time.  etTecti\eness  of  different 
doses  of  riba\  irin  and  pentamidine  are  not  known 
and.  thus,  these  should  only  be  administered 
according  to  manufacturers"  recommended  dosing 
schedules.  Similarly,  newer  drugs  for  parenchymal 
deposition  (eg.  other  antibiotics,  surfactant)  should 
be  administered  only  according  to  manufacturers' 
recommendations  until  more  data  are  available. 

6.  Special  Considerations  for 
Pediatric  Aerosol  Delivery 

Much  less  information  exists  on  aerosol  delivery 
in  the  pediatric  age  groups  (especially  neonates 
and  infants)  than  in  the  adult.  Specific  neonatal 
and  pediatric  considerations  include  smaller 
airway  size,  lack  of  patient  coordination,  high 
respiratory  rate,  short  inspiratory  time,  and 
decreased  ability  to  breath-hold.  Aerosol  gener- 
ators currently  used  for  adults  can  deliver  drugs 
that  produce  a  physiologic  response  in  infants  and 
children  despite  deposition  that  is  often  less  than 
that  occuring  in  adults  (in  particular,  as  low  as 
I9c  of  the  dose  placed  in  the  nebulizer,  with  nose 
breathing  or  intubation). 

MDIs  can  be  used  effectively  in  children. 
However,  because  of  the  inability  of  many 
pediatric  patients  younger  than  10  years  of  age 
to  coordinate  the  actuation  of  the  MDI.  a  htilding 
chamber  should  always  be  used.  A  holding 
chamber  with  mask  should  be  used  in  those  less 
than  3  years  of  age.  A  simple  spacer  or  a  holding 
chamber  should  be  used  with  inhaled  steroids  for 
pediatric  patients  of  any  age.  DPIs  may  be  used 
in  children  capable  of  producing  an  adequate 
inspiratory  flow.  Proper  techniques  for  use  of 
MDIs  and  DPIs  must  be  periodicalls  reinforced. 
Because  the  delivery  of  aerosols  to  the  lower 
respiratory  tract  is  less  efficient  in  children  than 
in  adults,  the  number  of  puffs  from  an  MDI  should 
not  necessarily  be  reduced  because  of  the  patient's 
size.  Dosages  greater  than  the  manufacturer- 
recommended  dose  for  children  may  be  required 
(eg.  bronchodilators.  cromolyn  sodium,  and 
inhaled  steroids),  and  should  be  tailored  to  each 
patient's  individual  response. 


Aerosolized  medications  can  be  administered  to 
intubated  infants  and  children.  In-line  MDIs  should 
not  be  used  in  mechanically  ventilated  infants  with 
a  tidal  \olume  less  than  100  niL  because  of  the 
potential  hypoxic  mixture  that  results  from  the 
volume  of  chlorotluorocarbon  gas  released  from 
the  MDI.  In  ventilated  children  with  a  tidal  volume 
exceeding  100  mL.  an  in-line  MDI  can  be  used 
provided  the  tidal  volume  exceeds  the  volume  of 
the  MDI  adapter,  spacer,  or  holding  chamber. 
MDIs  should  be  administered  one  puff  at  a  time. 
When  nebulizers  driven  by  an  external  gas  source 
are  used  with  mechanically  ventilated  infants  and 
children,  care  must  be  taken  to  avoid  excessive 
increases  in  tidal  volume  and  airway  pressure 
(particularly  with  \olume  \entilators). 

Ribavirin  can  be  administered  to  mechanically 
ventilated  pediatric  patients.  When  this  is  done, 
care  must  be  taken  ( 1 )  to  choose  a  generator  with 
appropriate  characteristics,  (2)  to  isolate  the 
ventilator  and  exhalation  valve  from  the  aerosol 
in  order  to  protect  the  ventilator  and  alarm 
functions  (which  may  require  frequent  filter  and 
circuit  changes),  and  (.3)  to  protect  caregivers  and 
the  environment  (see  below). 

7.  Aspects  of  the  Clinical  Use  of  Pentamidine 
and  Ribavirin  Aerosols  of  Concern  to  Those 
Caring  for  the  Patient 

Aerosolized  pentamidine  and  ribavirin  are 
released  into  the  en\  ironment  because  of  the  design 
of  the  systems  by  which  they  are  administered, 
through  leakage  from  hoods  and  canopies,  through 
disconnection  of  the  device  from  the  patient  (eg, 
during  coughing  or  from  lack  of  cooperation),  and 
through  patient  exhalation  and  incomplete  exhaust 
filtration. 

Some  biologic  evidence  (eg.  detection  of  drug 
in  blood  or  body  tluids)  exists  for  caregiver 
exposure  to  aerosolized  ribavirin  and  pentamidine. 
Given  that  pentamidine  and  ribavirin  can  be 
topically  irritating,  can  be  absorbed  systemically 
after  aerosol  inhalation,  can  be  retained  in  the 
body,  and  can  potentially  produce  cumulative 
organ  damage,  such  environmental  exposure 
constitutes  a  potential  health  risk  to  the  caregiver. 
At  present,  insufficient  data  are  available  to  permit 
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either  quantitation  of  the  magnitude  of  this  risk 
or  dismissal  of  its  clinical  importance. 

In  addition  to  these  potential  hazards  of  direct 
exposure  to  the  drug,  patients  infected  with  the 
human  immunodeficiency  virus  (HIV  positive) 
have  an  increased  prevalence  of  pulmonary 
tuberculosis.  Cough  induced  by  aerosols  (eg, 
pentamidine  or  hypertonic  saline  as  used  for 
sputum  induction)  in  HIV-positive  patients  and 
others  places  caregivers  at  increased  risk  of 
infection  with  Mycohacteriuiu  tuberculosis. 

For  caregiver  protection  during  the  delivery  of 
pentamidine,  the  following  are  important: 

(1)  Prompt  recognition  and  treatment  (prophy- 
lactic or  therapeutic)  of  tuberculosis  in  HIV- 
positive  patients  is  of  primary  importance  in 
reducing  the  transmission  of  infection  to  caregivers 
and  others. 

(2)  To  reduce  potential  risk  to  caregivers,  both 
administration  of  aerosolized  pentamidine  and 
sputum  induction  should  be  carried  nut  in  facilities 
that  fulfill  the  CDC  guidelines  for  prevention  of 
transmission  of  tuberculosis.'  These  include 

(a)  six  air  exchanges  per  hour  to  the  outside 
or  through  a  HEPA  filter  and 

(b)  a  negative  pressure  room  (ie,  air  tTows  into 
the  treatment  room  from  surrounding 
rooms  and  hallways). 

(3)  Recommended  characteristics  of  nebulizer 
systems  for  pentamidine  aerosol  are 

(a)  Particle  size  less  than  3.();mi  MMAD  under 
manufacturers"  recommended  flow  condi- 
tions, both  to  reduce  cough  and  to 
maximize  alveolar  deposition,  and 

(b)  Construction  and  use  such  that  output  of 
drug  to  the  environment  is  minimized  (eg, 
mouthpiece,  noseclips,  exhalation  fillers, 
nebulization  only  during  inspiration, 
reservoir  bag). 


1.  U.S.  Department  ol  Heallli  cV  Human  Ser\  ices.  Guidelmes 
for  preventing  the  transmission  ot  luberculosis  in  health- 
care settings  with  special  focus  on  HIV-rehitcd  issues. 
MMWR  IW();.^9(RK-l7):2()-22. 

2.  1987  A.SHRAE  Handbook.  .American  .Society  of  lleatini;. 
Refrigerating,  and  .'XirC'oiulitioninj;  I-.ngineers  (ASHRAtJ). 
Atlanta  G A.  1987. 


For  caregiver  protection  during  the  delivery  of 
ribavirin  the  follov\ing  are  important: 

( 1 )  Use  of  single-patient  room,  in  coinpliance  with 
ASHRAE  guidelines:^ 

(a)  six  air  exchanges  per  hour  to  the  outside 
or  through  a  HEPA  filter  and 

(b)  a  negative  pressure  room  (ie,  air  Hows  into 
the  treatment  room  from  surrounding  rooms 
and  hallways). 

(2)  U.se  of  procedures  designed  to  reduce  release 
of  drug  into  the  environment.  These  include 

(a)  Use  of  aerosol-containment  canopies  for 
spontaneously  breathing  patients  and 
exhalation  filters  for  ventilated  patients.  In 
addition,  engineering  controls  (such  as 
scavenging  systems)  should  be  used  when 
the  drug  is  being  administered  to  spontane- 
ously breathing  patients. 

(b)  Interruption  of  adininistration  prior  to  and 
during  direct  patient  care. 

(3)  Use  of  full  barrier  protection  (eg,  goggles,  personal 
respirator  mask,  gown,  gloves)  for  special  circum- 
stances in  which  caregivers  and  others  have  substantial 
contact  uith  the  dmg  (eg,  during  aerosol  preparation 
or  direct  patient  care  during  aerosolization). 

(4)  A  policy  to  exclude  pregnant  and  lactating 
women  and  persons  with  previous  reactions  to 
ribavirin  from  contact  with  the  drug. 

Insufficient  data  are  currently  available  for 
definitive  statements  regarding  caregiver  exposure 
to  aerosolized  surfactant,  antimicrobials  other  than 
pentamidine  and  ribavirin,  and  other  substances 
currently  being  administered  to  patients  by  aerosol. 

8.  Aspects  of  the  Clinical   Use  of  .Aerosols  of 
Worldwidt'  Einironmental  Concern 

Although  small  (().4-().5'7f  of  worldwide  prt)duc- 
tion),  the  medical  use  of  chlorofluorocarbons 
(CFCs)  in  pressurized  aero.sols  is  of  en\  iionnicnial 
concern.  A  worldwide  ban  on  CFC  use  has  been 
recommended  to  commence  by  the  year  2000.  The 
pharmaceutical  industry  is  encouraged  to  continue 
to  develop  substitute  techniques  (eg,  dry  powder) 
or  propellants  that  are  clinically  acceptable  and 
en\in)nmenlally  safe.  Because  such  de\clopnicnt 
and  subsequent  safet\  testing  will  be  complex  and 
will  take  .'i-IO  years  under  present  mechanisms, 
consideration    should   be   given   by   governmental 
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regulatory  agencies  to  the  formulation  o['  a  special 
schedule  for  expediting  FDA  appro\ai  or  to 
extending  the  time  period  for  the  medical  use  of 
CFCs  in  MDls. 

9.  Focus  of  Future  Research 

Further  research  is  needed,  important  topics  to 
be  addressed  are 

( 1 )  Development  of  more  efficient  systems  to 
improve  aerosol  delivery  in  a  cost-effective  manner. 
This  is  particularly  important  for  aerosol  delivery 
through  endotracheal  tubes.  The  relative  merits  of 
jet  (pneumatic)  versus  ultrasonic  nebulizers  versus 
other  systems  need  to  be  evaluated. 

(2)  Development  of  more  appropriate  dosing 
regimens  for  all  types  of  aerosols.  Consideration 


needs  to  be  giscn  to  ihc  device,  the  nature  ot  the 
airway,  the  breathing  pattern,  the  target  site  ni  the 
lung,  and  appropriate  monitoring. 

(3)  The  use  of  submicronic  aerosols  in  small  infants 
and  intubated  pediatric  patients. 

(4)  Development  of  alternatives  to  chlorofTuoro- 
carbon  propel lants  (eg,  multidose  powder  inhalers; 
devices  independent  of  patient  coordination  and 
ventilatory  pattern). 

(5)  Continued  surveillance  and  long-term  follow- 
up  of  caregivers  exposed  to  ribavirin  and  pentam- 
idine to  identify  potential  long-term  or  delayed 
adverse  effects. 

(6)  In  the  future  in  light  of  (4)  and  (5),  consideration 
should  be  given  to  environmental  and  occupational 
exposures  as  a  drug  is  being  developed — not  after 
marketinc  has  already  beeun. 
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Clinical  Advantages  of  die  Aerosol  Route  of 
Drug  Administration 

Nils  Sveclmyr  MD 


Introduction 

Historians  tell  us  that  Hippdcrates  rccumrnended 
steam  inhalations  for  airway  disease  more  than 
2.000  years  ago  (perhaps  one  of  the  earliest  pre- 
scriptions for  inhalation  therapy),  and  the  in- 
halation of  anticholinergics  was  recommended  for 
asthma  attacks  200  years  ago  in  the  form  of  cigar- 
ettes contaming  the  leaves  of  Datum  .sinimoniiini. 
Most  inhalation  therapy  today  is  for  asthma,  which 
is  the  focus  of  this  paper. 

The  lung,  with  a  total  surface  area  of  some  80 
nr.  is  the  major  point  of  contact  between  our  body 
and  the  environment.  An  elaborate  system  of  host 
defense  mechanisms  has  evolved  to  cope  with  nox- 
ious inhaled  substances.  A  lot  of  work  has  been 
performed  to  develop  appropriate  inhalation  de- 
vices, and  a  lot  ot  time  has  been  spent  in  tr\ing  to 
teach  asthmatics  to  use  these  devices  correctlv. 
However,  even  with  good  devices  and  g(H)d  tech- 
nique, asthmatics  retain  only  a  few  milligrams  (or 
even  micrograms)  of  inhaled  drug  in  their  lungs: 
but  because  a  few  key  processes  in  asthma  path- 
ogenesis are  surface  processes  and  because  we  now 
have  potent  diiigs.  inhalation  llicrapv  provides  o|")- 
timal  therapeutic  efficacy  with  a  mininuun  oi'  side 
effects.  The  main  advantage  of  inhalation  therapy 
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in  asthma  is  the  presence  of  fewer  side  effects  than 
are  seen  after  systemic  administration.  In  addition. 
in  some  situations,  side  effects  mav  prevent  a  drug 
from  exerting  its  maximal  action  when  it  is  ad- 
ministered systemically.  and  in  such  situations  the 
therapeutic  efficacv  is  better  after  inhalation. 

For  some  drugs  (eg.  sodium  cromoglvcatcl  in- 
halation is  a  prerequisite  for  effect  because  the  drug 
is  ineffective  by  the  svstemic  route.  In  the  case  of 
sympathomimetics  and  anticholinergics,  inhalation 
produces,  above  all,  fewer  side  effects  than  are  pro- 
duced by  systemic  administration.  Similarlv.  in- 
haled potent  steroids  have  been  shown  [o  be  the 
most  effective  prophylactic  maintenance  thciapv  ot 
asthma  without  causing  the  serious  complications 
usually  seen  during  long-term  treatment  with  sys- 
temic steroids. 

Bronchodilatin5»  Drugs 

Both  beta-adrcnoccptor  stimulants  and  iheo- 
phvllme  have  several  effects  besides  bronchodila- 
tion  that  may  be  of  clinical  importance  in  severe 
acute  asthma.  Effects  of  both  beta  stimulants  and 
theophylline  suggested  to  be  ol  cluneal  iiiip<iii.iiice 


•  relavatum  ol  bronchial  smoiuh  muscle  (lunc- 
lioiial  antagonism); 

•  increase  in  mucociliary  transport: 

•  inhibition  of  mediator  release: 

•  suppression  of  permeability  edema: 

•  improved  contractility  of  fatigued  diaphrag- 
matic muscle:  and 

•  decrease  of  pulmonarv   hvpcrlension.  and  in- 
crease in  nghl  vcnlncular  ejection  liaclion. 

In  man.  all  ihese  effects  ol  svmpathomimetics 
are  mediated  solely  by  beta,  receptors.  The  bron- 
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chial  snidoih-nuiscle  relaxation  is  probably  most 
important.  Ho\vc\er.  inhibition  of  permeability  oe- 
dema and  effects  on  mucus  remo\al  from  the  air- 
ways may  also  be  of  importance  in  acute  situations. 
Circulatory  side  effects  of  adrenoceptor  stimula- 
tion could  be  due  to  stimulation  of  beta  receptors  in 
either  peripheral  vessels  or  in  the  heart.  An  im- 
portant reason  for  tachycardia  during  beta, -agonist 
treatment  is  the  vasodilation  and  reflex  tachycardia 
mediated  by  bela>  adrenoceptors  in  peripheral  ves- 
sels.-"  In  the  heart,  most  beta  receptors  are  of  the 
beta,  subtype.  However,  in  the  human  heart  both 
beta,  and  beta,  adrenoceptors  have  been  shown  to 
mediate  an  increased  heart  rate.  Beta,  adreno- 
ceptors have  been  shown  to  be  responsible  for  20% 
of  the  chronotropic  effect,  whereas  beta,  adren- 
oceptors almost  solely  mediate  inotropic  effects.'''^ 
Thus,  it  is  possible  that  beta,-adrenoccptor  agonists 
induce  tachycardia  both  by  a  retlex  from  peripheral 
vasodilation  and  by  a  direct  effect  on  beta,  adren- 
oceptors in  the  heart.  If  beta,  agonists  are  to  be  ad- 
ministered, direct  stimulation  of  the  beta,  receptors 
in  the  heart  can  only  be  a\oided  by  administration 
of  the  beta,  agonist  by  inhalation. 

In-Vitro  Effects  on  Human  Bronchial  Muscle 

Beta-adrenoceptor  agonists  and  \  arious  xanthine 
derivatives  have  the  same  maximal  relaxant  effect 
on  isolated  human  bronchial  muscle  in  vitro  con- 
tracted b\  a  moderate  concentration  of  carbachol 
(Fig.  1 ).''  The  relative  potency  of  the  drugs  in  vitro 
is  proportional  to  their  clinical  potency.  The  dose 
required  to  relax  the  muscle  is  increased  as  the  in- 
tensitv  of  the  contraction  increases.''  '-  Much  higher 


do.ses  are  also  necessary  to  relax  the  muscles  in  se- 
vere acute  asthma.  Unless  there  is  development  of 
substantial  tolerance  in  situ  in  asthmatic  patients  to 
some  of  these  drugs,  there  is  no  reason  to  believe 
that  the  clinical  efficacy  differs  substantially  be- 
tween these  two  drug  classes.  In  fact,  no  clinical 
studies  show  differences  in  maximal  antiasthmatic 
effects  when  these  drugs  are  given  in  optimal  doses 
by  the  same  route  of  administration.  However,  the 
side  effects  of  these  drugs  differ,  and  side  effects 
can  make  it  impossible  to  achieve  the  maximal 
bronchodi kiting  effect  in  patients  with  a  single 
drug,  especially  if  the  drug  is  given  systemically. 
Unfortunately,  theophylline  cannot  be  given  by  in- 
halation because  of  its  irritant  effect,  which  induces 
bronchoconstriction.  This  favours  inhaled  beta,  ag- 
onists in  acute  asthma  attacks. 

Routes  of  Administration 

Intravenous  Sympathomimetics 

Figure  2  shows  one  of  our  early  studies'  in 
which  isoproterenol  (isoprenaline)  and  albuterol 
(salbutamol)  were  infused  intravenously  in  in- 
creasing doses  so  that  complete  dose-response 
cur\es  were  obtained  in  a  crossover  study  in  asth- 
matics. Both  drugs  attained  the  same  maximal 
bronchodilating  effect  just  as  in  vitro.  The  bron- 
chodilator  and  cardiac  stimulant  effects  of  iso- 
proterenol run  parallel,  suggesting  that  beta,  and 
beta,  receptors  are  equally  stimulated.  However, 
with  a  very  high  dose  of  isoproterenol  and  the 
achievement  of  maximal  brcMichodilation.  the  heart 
rate  continues  to  increase  until  it  is  nearly  double  at 


10°      '  10'  10' 

CONCENTRATION    (g    mL  ') 


Fig.  1 .  Dose-response  curves  for  differ- 
ent beta  adrenostlmulants  and  theo- 
phylline preparations  on  carbacholine- 
contracted  human  bronchial  muscle  in  vi- 
tro. Means  from  13  expenments.  I,  iso- 
proterenol given  as  first  drug;  Ig  iso- 
prenaline   as    the    sixth    drug:    S2    = 


salbutamol,  U 


isoetharine,  T.  =  ter- 


butaline,  O5  =  orciprenaline.  A  =  amino- 
phylline.  C  =  choline  theophyllinate.  T  = 
theophylline  sodium-glycinate.  P  =  prox- 
yphylline.  G  =  glyphylline  or  diphylline. 
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Fig.  2.  Mean  dose-response  curves  ±  SEM  for  iso- 
prenaline  and  salbutamol  for  10  patients  with  asthma. 
Each  dose  was  infused  dunng  6  mm  at  30-min  intervals. 
{Modified,  with  permission,  from  Reference  3.) 

the  highest  dose.  This  limits  the  use  of  intravenous 
isoproterenol  in  severe  acute  asthma  v\hen  a  high 
dose  is  needed  to  give  maximal  hronchodilation. 
(However.  1  ha\e  observed  that  isoproterenol  is 
still  used  in  some  pediatric  clinics  in  very  severe 
acute  asthma  attacks.)  In  the  same  patients,  the  se- 
lecti\c  beta,  stimulant  (albuterol)  gave  the  same 
maximum  bmnchodilation.  but  was  initially  not  as- 
sociated with  any  pulse  increase.  The  pulse  did  not 
begin  to  increase  until  almost  half  of  the  maximum 
bronchial  relaxation  had  been  achiexcd.  but  there- 
after the  pulse  did  increase  with  increasing  al- 
buterol do.ses.  Thus,  even  with  selective  beta,  stim- 
ulants, it  is  not  possible  to  achieve  maximum 
hronchodilation  in  severely  obstructed  patients 
witiioul  a  simultaneous.  relati\ely  pronounced  in- 
crease in  pulse  rate  if  the  drug  is  administered  in- 
travenously. Similar  results  were  attained  by  Patcr- 
son  et  al."  By  contrast,  the  increase  in  heart  rate 


and  FEV,  with  metaproterenol  began  at  the  same 
dose  (as  with  isoproterenol).''* 

Inhaled  Beta,  Agonists 

In  another  study,  we  compared,  under  controlled 
conditions  with  complete  dose-response  curves  in  a 
crossover  study,  the  effects  of  terbutaline  gi\  en  b\ 
inhalation  and  the  intravenous  route. ^ 

lntra\enous  terbutaline  in  the  upper  range  of  rec- 
ommended doses  did  not  produce  maximal  re- 
laxation of  the  bronchial  muscle  in  patients  with 
endogenous  asthma  (Fig.  3).  but  it  did  increase  the 
heart  rate  by  25  beats/min  and  more  than  doubled 
the  skeletal  muscle  tremor."*  When  terbutaline  was 
given  by  inhalation,  the  same  degree  of  bronchial 
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Fig.  3.  Effects  of  increasing  doses  of  terbutaline  by  intra- 
venous infusion  (during  6  min)  and  dose  aerosol  on 
FEV,,  heart  rate,  blood  pressure,  and  skeletal  muscle 
tremor  in  asthmatics.  (Dotted  line  =  heart  rate  immedi- 
ately before  the  next  dose.)  Means  ±  SEM  from  10  pa- 
tients. (Modified,  with  permission,  from  Reference  4.) 
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relaxation  was  obtained  w  itiioLit  any  ctTcct  on  iicarl 
rate,  blood  pressure,  or  tremor,  indicating  a  local 
effect  and  increased  therapeutic  breadth.  With 
higher  inhaled  terbulaline  doses,  the  maximum 
bronchodilation  was  more  pronounced  than  alter 
the  highest  intravenous  dose.  The  acute  margin  of 
safety  w  as  notable,  with  the  increase  of  pulse  rate 
being  only  16  bcats/min  after  63  inhalations  of  this 
relatively  long-acting  substance  given  cumulatively 
during  150  min.  These  side  effects  are  barely  no- 
ticeable subjectively,  so  that  high  inhaled  doses  may 
be  considered  in  severe  acute  asthma  not  responding 
to  the  usual  doses.  Such  high  doses  can  also  be  ad- 
ministered by  continuous  nebuli/.ation  or  by  a  me- 
tered dose  inhaler  (MDI)  with  a  large  spacer. 

In  a  recent  study,  intravenous  albuterol  (5  yiig/kg) 
was  compared  to  inhaled  albuterol  (0.15  mg/kg, 
1:30  in  relation)  in  a  crossover  study  in  12  asthma 
patients  in  a  stable  phase.  As  is  shown  in  Figure  4. 
the  peak  plasma  concentration  was  more  than  dou- 
bled with  the  intravenous  route,  and  heart  rate  in- 
creased considerably  more  with  a  more  pronounced 
decrease  of  serum  potassium.  The  bronchodilating 
effect  was.  however,  more  pronounced  after  in- 
halation.'"' 

Fenoterol.  albuterol,  and  terbutaline  are  usually 
regarded  as  equally  beta,  selective,  and  they  are 
more  selective  than  metaproterenol.  Howe\er.  fe- 


noterol is  a  full  agonist  on  the  beta,  adrenoceptor, 
whereas  albuterol  and  terbutaline  are  weak  partial 
agonists  on  that  receptor.""'"  Therefore.  I  believe 
that  albutert)!  and  terbulaline  are  to  be  preferred  in 
emergency  treatment  of  asthma  when  very  high 
doses  are  utilized. 

These  and  other  similar  studies  in  moderate  se- 
vere asthma  favour  aerosol  inhalation  as  the  ad- 
ministration route  of  choice.  In  theory,  aerosol  ad- 
ministration has  the  definite  advantages  of 
providing  for  direct  delivery  of  the  drug  into  the 
lung,  resulting  in  an  increased  selectivity  of  action. 
Consequently,  inhalation  is  the  superior  route  of 
administration  for  beta,  stimulants  if  the  patient  is 
able  to  use  the  inhaler  in  a  proper  way .  Better  hrt)n- 
chodilation  may  be  obtained  with  cumulative  in- 
halations than  with  a  single  high  dose  if  the  in- 
halations are  administered  with  at  least  10-  to  15- 
minute  intervals  between.-"-' 

Does  Tolerance  to  Beta-Receptor  Agonists 
Develop? 

During  the  1970s,  concern  (especially  in  the 
United  States)  about  the  development  of  tolerance 
to  beta,-adrenoceptor  stimulants  favoured  the  use 
of  intravenous  theophylline  for  emergency  treat- 
ment of  asthma.  Inhalation  of  beta  asonists  was 
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Fig.  4.  Plasma  concentrations,  sys- 
temic effects,  and  ventilatory  effects 
after  salbutamol  treatment  by  inhaled 
route  {0.15  mg/kg  inhaled  during  10- 
15  min  from  a  nebulizer)  (open 
squares)  or  by  intravenous  route  (5 
Ijg/kg  during  10  min)  (closed  tri- 
angles). (Modified,  with  permission, 
from  Reference  15,) 


time  [min) 


RESPIRATORY  CARE  •  SEPTEMBER  "91  Vol  36  No  9 


925 


CLINICAL  ADVANTAGES  OF  AEROSOLIZATION 


also  regarded  as  less  effective  because  severe  air- 
way obstruction  was  believed  to  attenuate  the  ac- 
cess of  inhaled  drugs  to  lower  airways.  Today  there 
is  general  agreement  that  tolerance  to  beta  sym- 
pathomimetics is  not  a  clinical  problem  even  in 
emergency  treatment  of  acute  asthma.""-"' 

Are  Intravenous  and  Inhaled  Beta,  Agonists 

as  Effective  in  Acute  Severe  Asthma 

as  in  Moderately  Severe  Asthma? 

Intravenous  Beta  Agonists  in 
Severe  Acute  Asthma 

Mechanical  ventilation  was  introduced  as  the 
first  effective  treatment  for  acute  life-threatening 
asthma.  In  the  early  !97()s.  Wood  et  al-''  and 
Downs  et  al-^  showed  that  mechanical  ventilation 
could  be  avoided  in  many  children  by  intravenous 
infusion  of  high  doses  of  isoproterenol.  Parry  et  al"** 
and  Herman  et  al"**  also  reported  similar  results 
with  intravenous  isoproterenol.  Due  to  its  non- 
selectivity,  however,  isoproterenol  infusion  has 
been  reported  to  be  associated  with  myocardial  is- 
chaemia  and  also  sudden  deaths  caused  by  myo- 
cardial infarction. ^"'^-  Furthermore,  intravenous  iso- 
proterenol has  never  been  studied  in  a  controlled 
manner  as  treatment  of  severe  acute  asthma,  in 
spite  of  significant  therapeutic  risks.  However,  I 
have  observed  that  it  is  still  used  in  some  pediatric 
clinics. 

In  the  mid-1970s,  it  was  shown  in  several  stud- 
ies that  intravenous  albuterol  and  terbutaline  pro- 
duced uood  bronchodilation  with  few  side  effects 


even  in  acute  severe  asthma. 


Intravenous  beta. 


agonists  were  shown  to  be  as  effective  as  intra- 
venous theophylline.^''  ^"  If  an  intravenous  beta  ag- 
onist is  used,  a  selective  beta,  agonist  (albuterol 
and  terbutaline)  is  preferred. 

In  acute  severe  asthma,  patients  often  present 
with  tachycardia  due  to  the  asthma  attack.  There- 
fore, treatment  with  a  beta-stimulating  drug  that  de- 
creases airway  resistance  also  leads  to  a  decrease  in 
the  respiratory  effort  needed  by  the  patient.  That  is 
why  in  some  studies  of  acute  severe  asthma,  a  tall 
in  heart  rate  occurs  even  after  treatment  with  intra- 
venous beta-stimulating  drugs-''  and  after  high  dos- 
es of  inhaled  beta,  agonists.""' ■*■* 


Inhaled  Beta  Agonists  in  Severe  Acute  Asthma 

Despite  the  argument  that  parenteral  administra- 
tion should  theoretically  be  more  effective  than  in- 
halation therapy  in  severe  acute  asthma,  studies 
ha\e  failed  to  show  that  intravenous  beta,  agonists 
are  more  effective  than  inhalation. '"'■''"'  "''^  In  all  these 
studies,  inhalation  was  at  least  as  effective  as  intra- 
venous administration  but  produced  fewer  side  ef- 
fects. 

Lawford  et  al""'  compared  albuterol  by  inhalation 
and  by  the  intravenous  route  with  a  parallel  group 
design  in  16  patients  with  severe  acute  asthma. 
Two  patients  were  withdrawn  from  intravenous  al- 
buterol because  of  side  effects.  The  intravenous 
dose  of  albuterol  v\as  high — 900  jjg — and  the  \en- 
tilatory  effect  was  equal  for  the  intravenous  and  in- 
haled route,  whereas  heart  rate  increased  by  19 
beats/min  after  l.V.  treatment  but  decreased  by  10 
beats/min  after  inhalation. 

In  1980,  the  first  well-controlled  clinical  trials 
showed  that  repeated  aerosol  administration  of 
beta,  agonists  with  short  intervals  was  more  ef- 
fective than  parenteral  adnunistration  of  both  beta 
agonists  and  theophylline  in  severe  acute  asthma, 
as  shown  by  McFadden  and  his  group. ''"^-  They 
showed  that  isoproterenol  2.5  mg  inhaled  3  times 
every  20  min  gave  as  good  an  antiasthmatic  effect 
when  combined  w  ith  the  placebo  infusion  as  when 
it  was  administered  together  with  an  acute  loading 
dose  of  aminophylline.  This  was  the  first  controlled 
study  challenging  the  use  of  intravenous  theo- 
phylline in  acute  severe  asthma.  Furthermore,  with 
modern  selective  long-acting  beta,-adrenoceptor 
stimulants,  such  as  albuterol  and  terbutaline,  it  is 
possible  to  achieve  even  better  bronchodilation 
with  fewer  cardicnascular  side  effects  than  with 
isoproterenol.  Addition  of  aminophylline  only  in- 
creases the  toxicity,  not  the  efficacy  of  inhaled  met- 
aproterent)l  in  acute  exacerbations  o\'  asthma.^' 
These  and  many  other  studies  ha\e  shown  thai  the 
importance  of  theophylline  in  the  emergency  treat- 
ment of  asthma  was  o\eremphasized  and  today  in- 
travenous lhee)phy  nine  is  regarded  as  the  third-line 
drug  in  acute  severe  asthma,  after  inhaled  beta,  ag- 
onists ami  inhaled  anticholinergics.''"' 
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McFaddeii's  group  also  showed  thai  astlimalics 
may  be  suceessfiiliy  treated  with  inhaled  beta  ati- 
onists  irrespective  of  their  medieatit)n  history,  a 
strong  indication  that  tachyphylaxis  is  not  clinically 
relevant." 

A  .Swedish  inulticenlre  studv"^  of  176  patients 
compared  treatment  with  2  doses  of  nebuli/ed  al- 
buterol (0.1?  mg/kg).  given  at  .^O-min  intervals, 
with  intravenous  albuterol  (()..?  pg/kg)  (Fig.  5).  A 
significantly  larger  increase  in  peak  expiratory  flow 
(PHP)  was  seen  after  the  first  inhaled  dose  com- 
pared to  intra\eiH)us  treatment,  but  no  differences 
in  side  effects  were  seen  between  the  groups.  After 
a  second  inhaled  dose,  a  further  increase  was  seen 
in  PEP  but  also  in  systemic  side  effects.  This  is  fur- 
ther strong  evidence  of  the  superiority  of  the  in- 
halation route  of  albuterol  administration  in  the 
treatment  of  severe  acute  asthma  and  permits  rec- 
ommendation of  inhaled  nebulized  albuterol  as 
first-line  treatment  of  acute  asthma.  The  trial  also 
failed  to  shov\'  a  beneficial  effect  of  intravenous  ad- 
ministration of  theophylline  in  patients  treated  with 
inhaled  albuterol,  whereas  theophylline  induced  a 
further  effect  after  intravenous  albuterol. 
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Fig.  5.  Mean  peak  expiratory  flow  (PEF)  values  ■  and 
heart  rate  in  a  parallel  group  study  of  176  patients 

with  acute  severe  asthma  treated  either  with  intravenous 
salbutamol  (5  //g/kg)  or  withi  infialed  salbutamol  (0.15 
mg/kg),  Inhaled  in  two  penods  30  mm  apart  (I  &  II).  Basal 
PEF  values  were  (166  ±  70  and  170  ±  47  L/min)  and 
heart  rate  (111  ±  10  and  112  ±  9  beats/mm)  in  the  intra- 
venous and  inhalation  groups,  respectively.  (Adapted, 
with  permission,  from  Reference  25.) 


Duration  of  Action 

The  duration  ol'  action  of  inhaled  broncho- 
dilators  is  shorter  in  se\ere  acute  asthma  for  several 
reasons: 

(1)  Low  tidal  \i)lume  and  pathologically  nar- 
rowed airways  reduce  the  delivered  dose  to  lower 
airways  and  the  peripheral  distribution. '^^'^'^ 

(2)  Ma.ximal  bronchodilation  at  the  top  of  the 
time-effect  curve  is  desired. 

(3)  In  highly  increa.sed  sinooth-muscle  tone,  an 
increased  concentration  of  bronchodilators  is  nec- 
essary to  induce  ma.ximal  bronchodilation, 

(4)  A  slight  tachyphylaxis  due  to  heavy  use  of 
inhaled  beta  agonists  before  admission  may  be  seen 
in  some  patients — mainly  as  a  shorter  duration  of 
bronchodilation  with  preserved  maximal  effect."'''* 

Por  this  reason,  a  higher  dose  and  more  frequent 
administration  may  be  required  in  severe  acute 
asthma.  Several  textbooks  suggest  a  dosage  inter- 
val of  4  hours,  although  in  many  hospitals  I  have 
observed  1-2  hours  to  be  more  common.  However, 
even  with  this  short  dose  interval,  it  is  commonly 
noted  that  some  patients  with  severe  acute  asthma 
improve  initially,  but  then  become  worse  before  the 
next  dose  is  given.  Several  recent  studies  in  chil- 
dren have  shown  that  very  high  doses  can  be  given 
by  the  inhalation  route  at  30-niin  inter\als  or  by 
continuous  nebulization.'^'  ■*■* 

In  those  patients  not  achieving  adequate  bron- 
chodilation with  high  do.ses  of  beta,  agonists  fre- 
quently administered,  anticholinergics  (ipratropium 
bromide)  are  considered  a  .second-line  drug  before 
intravenous  theophylline  because  of  the  sometimes 
life-threatening  side  effects  of  the  theophylline.'^'''''" 
Ipratropium  bromide  should  be  given  in  a  dose  of 
0.23  mg  in  children  or  0.5  mg  in  adults  if  a  jet  neb- 
ulizer is  u.sed.  With  these  do.ses  no  .systemic  side  ef- 
fects are  seen  at  all. 

Corticosteroids,  given  by  inhalation,  are  today 
first-line  drugs  for  the  maintenance  treatment  of 
asthmatics,  as  mentioned  in  my  introduction.  Ster- 
oids (at  least  those  without  mineralocorticoid  side 
effects)  have  practically  no  acute  side  effects,  how- 
ever. They  are  therefore  given  systemically  in  se- 
vere acute  asthma.''' 
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Summary 

Several  controlled  studies  durinu  recent  years 
have  clearly  shown  that  inhaled  heta,  agonists  in 
high  doses.  gi\en  trequently  or  by  continuous  neb- 
uli/ation.  arc  the  first-line  treatment  ofsexere  acute 
asthma.  In  patients  not  achieving  adequate  bron- 
chodilatit)n  with  this  therapy,  inhaled  anti- 
cholinergics should  also  be  gi\en.  lntra\enous  the- 
ophylline is  today  usually  regarded  as  the  third-line 
drug,  and  is  reser\ed  Tor  patients  not  responding  to 
this  combined  treatment.  Corticosteroids  should  al- 
ways be  given  in  severe  acute  asthma,  but  because 
of  their  lack  of  acute  side  effects  should  be  given 
by  the  intravenous  or  oral  route. 
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Clinical  Aspects  of  Aerosol  Physics 


Myrna  Dolovich  PEng 


Introduction 


Characteristics  of  Aerosols 


Respiratory  diseases  can  be  broadly  classified  into 
those  that  affect  the  airways  and  those  that  affect 
the  lung  parenchyma,  referred  to  as  obstructive  and 
and  restrictive  (or  non-obstructive),  respectively. 
Disorders  in  the  airway  diseases  include  reduction 
in  airway  caliber  and/or  alterations  in  surface 
transport,  and  in  the  parenchymal  diseases, 
inflammation  and  injury  to  lung  tissue. 

Aerosols  are  used  in  the  diagnosis  and  treatment 
of  many  of  these  diseases.  They  can  be  used,  for 
example,  to  quantify  physiologic  lung  parameters 
or  to  verify  the  relevance  of  a  suspected  sensitizing 
agent.  In  order  to  achieve  meaningful  results  in 
clinical  tests  or  optimal  efficacy  in  therapy,  the 
methods  must  incorporate  aerosol  particles  of  a  size 
to  target  the  lung  region  being  examined  or  treated 
(Table  1 ).  The  particle  size  of  the  test  aerosol  is 
a  function  of  the  system  used  for  generating  the 
aerosol  and  of  the  substance  or  drug  being 
aerosolized.  Optimal  delivery  of  the  aerosol  to  the 
lung  depends  upon  the  inhalation  technique  and  the 
pulmonary  function  of  the  recipient.  These  factors 
together  determine  the  quantity  of  aerosol  deposited 
and  its  distribution  in  the  respiratory  tract. 
Meaningful  interpretation  of  therapeutic  and 
diagnostic  results  depends  upon  an  understanding 
of  how  these  factors  contribute  to  overall  delivery. 
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An  aerosol  is  defined  as  a  suspension  of  liquid 
droplets  or  solid  particles  (dust)  in  a  gaseous  medium 
(usually  air).  The  size  of  aerosol  particles  is 
important  in  determining  the  aerosol's  injurious, 
diagnostic,  or  therapeutic  behavior  in  the  lung. 

Therapeutic  and  diagnostic  aerosols  are  hetero- 
disperse  (that  is,  they  consist  of  particles  or  droplets 
of  various  diameters  and  shapes).  The  distribution 
of  the  aerosol-particle  diameters  can  be  described 
statistically,'  thus  establishing  the  two  parameters — 
the  median  diameter  of  the  particles  and  the  standard 
deviation  of  particle  diameters — that  characterize 
the  overall  behavior  of  the  aerosol.  These  two 
numbers  are  determined  from  the  frequency 
distribution  curve  of  particle  diameter  versus  either 
the  particle  number  (or  count),  the  surface  area, 
or  the  mass  (volume).  If  the  logarithms  of  the 
diameters  are  plotted,  the  resulting  curve  can  be 
the  familiar  bell-shaped,  normal  distribution  curve 
(Fig.  lA).  When  the  data  are  further  graphed  as 
a  cumulative  function  on  linear  log  paper,  an 
elongated  S-shaped  line  results  (Fig.  IB).  The 
median  diameter  can  then  be  read  directly  at  the 
50%  point.  The  geometric  (for  logarithmic 
functions)  standard  deviation  (GSD)  is  related  to 
the  slope  of  this  line,  and  is  calculated  as  the  ratio 
of  the  median  diameter  to  the  diameter  at  15.9% 
or  the  ratio  of  the  diameter  at  84. 1  %  to  the  median 
diameter.  It  is  convenient  to  specify  diameter  as 
aerodynamic  diameter  because  the  shape  of  the 
particles  within  the  aerosol  may  be  irregular  and 
the  density  of  the  drugs  and  fomiulations  are  varied. 
Use  of  the  aerodynamic  scale  transforms  the  particle 
being  assessed  into  a  water  droplet  (density  I  g/ 
mL)  of  a  diameter  having  the  same  settling  velocity 
in  still  air  as  the  original  particle.  This  standardized 
scale  allows  a  comparison  of  the  behavior  of 
different  aerosols  in  the  lung  or  the  external 
environment,  regardless  of  their  density  or  structure. 
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Table  I.  Use  of  Aerosols  in  Diaanosis 


Disease 


Techniques 


Application 


Site  of  Deposition 


Panicle  Size 


Pnnuin  ciliun 
dsvkinesiu.  bronchia 
disorders,  lung 
transplants 

Asthma 


Mucociliary 
clearance 


Inhalation  challenae 


Interstitial  lung  Respiratory  solute 

disease.  Pneumocystis  absorption 

pneumonia.  ARDS 


Pulmonary 
embolism,  localized 
airway  disease. 

vasculitis 

Cystic  fibrosis, 
asthma,  respiratory 
syncytial  virus 


Ventilation/ 

perfusion 


DosimetrN' 


Ciliary  dysfunction. 
airway  caliber. 
mucus  production 

Airway 
responsiveness 

Epithelial 
permeability 

Vascular  occlusion, 
surgical  evaluation 


Drug  distribution/ 
response  to  therapy 


Airwav 


Airway 


Parenchyma 


Parenchyma 


>  3  fjm 


<  1  um 


.'Xirw  ay/parenchyma  <  .'^  //m 


In  estimating  drug  delivery,  the  median  aerodynamic 
diameter  in  term.s  of  the  mass  of  the  particles 
(MMAD)  is  usually  specified.  This  is  the  diameter 
around  which  the  mass  is  equally  divided  (ie.  50% 
of  the  mass  resides  in  particles  smaller  than  the 
MMAD  and  509^  in  particles  larger  than  the 
MMAD).  Aerosol  particles  oi  equivalent  MMAD 
have  similar  deposition  in  the  lung  irrespective  of 
their  actual  size  and  composition. 
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Fig.  1A.  Frequency  distribution  plots  for  beclomethasone 
MDI  (Beclovent)  as  measured  by  the  Aerosizer,  a  laser 
particle-sizing  system  (Amherst  Process  Instruments, 
Amherst  MA).  Normalized  frequencies  in  terms  of  volume 
or  mass  are  plotted  on  the  vertical  axis  against  the 
logarithms  of  the  aerodynamic  diameters  of  the  particles 
on  the  horizontal  axis.  Five  separate  actuations  from  the 
same  MDI  were  sampled  to  illustrate  the  reproducibility 
of  the  size  characteristics. 


j> 
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Fig.    IB.  The   cumulative   mass   distribution 
Beclovent  MDI  (beclomethasone).  The  MMAD  i 
with  a  GSD  of  1 .46  (mean  of  the  5  runs). 


plots 
S3.84 


for 
jum 


The  GSD  is  a  measure  of  the  variability  of  the 
particle  diaiueters  within  the  aerosol.  .A  high  GSD 
indicates  a  broad  distribution  of  diameters  ( ie.  more 
particles  of  larger  and  smaller  diameter  are  present 
than  in  an  aero.sol  of  lower  GSD).  If  the  GSD  of 
an  aerosol  increases,  the  MMAD  will  increase 
because  the  larger  particles  carry  more  mass.'  This 
may  reduce  the  amount  of  aerosol  a\ailable  to  the 
patient  because  a  greater  portion  o'i  large  particles 
is  filtered  out  prior  to  inhalation,  or  if  inhaled  may 
deposit  in  the  oropharynx  or  proximal  airways. 

Respirable  panicles  are  generally  considered  to  be 
those  with  aei\)dynamic  diameters  <    5  \xm.  These 
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particles,  particularly  those  with  a  3-/mi  diameter,  are 
efficientls  depusited  in  the  lower  respirator)  tract  b\ 
sedimentation  during  quiet  breathing.-  It  has  become 
usual  practice  to  state  the  percentage  of  the  aerosol 
mass  contained  in  particles  <  5  /ym.  in  addition  to 
the  MMAD  and  GSD.  This  number  pemiits  an 
assessment  of  the  respirabie  dose  deli\ered  to  the  lung. 
The  usefulness  of  this  number  can  be  seen  in  Figure 
2.  talvcn  from  an  abstract  reported  b\'  m\  group.'  which 
shows  these  \alues  for  three  aerosol  systems  used 
to  deliver  pentamidine.  Two  ultrasonic  nebulizers,  the 
Portasonic  (DeVilbiss  Health  Care  Inc)  and  FISONeb 
tPisons  Corp),  generate  marked!)'  different  percentages 
of  respirabie  aerosol:  the  Respirgard  11  (Marquest 
Medical  Products  Inc).  a  jet  nebulizer,  produces  an 
aerosol  containing  the  highest  percentage  of 
droplets  <  1  //m.  It  can  be  anticipated  that  different 
doses  of  pentamidine  must  be  prescribed  for  use  w  ith 
these  three  systems  to  obtain  equivalent  delivery  to 
the  lung  and  a  similar  clinical  response.  The  lung 
distribution  pattern  obtained  from  these  three  systems 
would  also  be  expected  to  differ:  the  tlner  aerosol 
of  the  Respirgard  II  should  produce  a  more  unifomi 
pattern  with  increa.sed  penetration  to  the  peripheral 
airways  and  alveoli.-* 


%  PARTICLES 
^H   <  5  um 
E^  J    <  3  um 
—    "  1  um 


I 


RESPIGARD  M 
10  Lpm 
MMAD      0  97  um 


PORTASONIC 

6  Lpm  AAF 

1.93  um 


FISONEB 

50%  MAX 

6,13  um 


Fig.  2.  Bar  graphs  illustrating  the  particle-size  distribution 
for  three  nebulizer  systems  used  to  generate  pentamidine 
aerosol  under  the  operating  conditions  shown.  Variability 
is  seen  in  the  percentage  of  respirabie  particles  contained 
in  the  three  aerosols  from  these  systems. 

Aerosol  Deposition 

Particle  deposition  onto  surfaces  in  the  lung 
depends  largely  upon  three  physical  principles:  ( 1 ) 
impaction,  a  function  of  particle  inertia:  (2) 
sedimentation   due   to   sravitv:   and   (3)   diffusion 


resulting  from  Brownian  motion  of  fine,  submi- 
cronic  (<  1  f.im)  particles.  Electrical  charges  carried 
by  particles  and.  in  the  normal  unobstructed  lung, 
simple  contact  or  interception  of  particles  by  airway 
walls  are  mechanisms  considered  less  important 
when  dealing  w  ith  medicinal  aerosols.  The  diameter 
of  the  particle  or  droplet  determines  which  of  the 
three  main  mechanisms  predominates.  Limitations 
of  the  distance  a  particle  travels  due  to  either 
sedimentation  or  impaction  is  a  function  of  the 
square  of  the  particle  diameter,  whereas  diffusion 
distance  is  determined  by  the  inverse  square  root 
of  particle  diameter.  The  distance  a  particle  travels 
before  depoi^ition  due  to  either  sediinentation  or 
impaction  decreases  in  proportion  to  increases  in 
the  square  of  the  particle  diameter,  whereas  diffusion 
distance  increases  in  proportion  to  decreases  in  the 
square  root  of  particle  diameter. 

Due  to  the  geometry  of  the  lung,  particles  <  10 
;t/m  deposit  in  the  respiratory  tract:  the  distribution 
between  the  various  regions  is  a  function  of  particle 
diameter,  breathing  pattern,  and  airway  diameter.- 
Equations  predicting  deposition  efficiency  for  both 
nose  and  mouth  breathing  are  described  in  the 
literature,  and  there  appears  to  be  good  agreement 
between  theoretical  and  experimental  data.'  Depo- 
sition due  to  inertial  impaction  in  the  oropharyngeal 
area  and  large  airways  is  predominant  for  parti- 
cles >  .'i  jLim.  even  with  normal  tidal  breathing. 
Particles  <  5  /jm.  considered  respirabie.  are 
influenced  mainly  by  gravity,  and  in  the  normal 
lungs  deposit  preferentialh  in  the  periphery. 
Deposition  of  submicronic  particles,  approximately 
0.5  j.im  and  smaller,  is  increased  by  diffusion 
throughout  the  alveolar  region.  Increased  particle 
velocity  resulting  from  changes  in  airflow  dynamics 
or  inhalation  of  particles  of  greater  density  causes 
increased  deposition  by  impaction  and  sedimenta- 
tion. Aerosol  deposition  can  be  further  augmented 
by  prolonging  the  residence  time  of  the  particles 
in  the  lung,  thus  allowing  greater  time  for 
sedimentation  and  diffusion. 

Other  factors  that  alter  the  normal  distribution 
of  panicles  in  the  lung  include  the  hygroscopicit\ 
of  therapeutic  aero.sols  (which  results  in  increased 
particle  size),  the  pattern  of  breathing  used  to  inhale 
the  aerosol,  bioloeic  variations  in  airwav  caliber. 
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Table  2.  Factors  Affecting  Deposition  of  Aerosols  in  the  Lung 

Physical 

Particle  diameter 

Particle  shape 

Particle  or  formulation  density 

Hcterodispersily 

Ventilatory 

Tidal  \olume 
Inspiratory  tlowrate 
Breath-hold  time 
Breathing  frequency 
Nose  vs  mouth  breathing 
Humidity 

Anatomic 

Airway  caliber 
Distortion  due  to  disease 


and  the  extent  of  airway  narrowing  due  to  disease 
(Table  2). 


an  increase  in  particle  size  but  also  with  high 
inspiratory  flowrates  (>  1  L/s).^**  This  combination 
of  factors  results  in  poor  delivery  to  the  peripheral 
lung.  A  lower  inspiratory  tlowrate  (<  1  L/s)  results 
in  a  greater  lung  dose  of  drug,  and  this  can  be 
shown  to  produce  a  better  clinical  response."^  The 
volume  of  air  inhaled  does  not  appear  to  be  as 
important  a  determinant  of  deposition,  although  a 
low  inspiratory  volume  combined  with  a  rapid 
inspiratory  tlowrate  (such  as  in  a  crying  infant) 
reduces  lung  delivery.'"  Particles  may  penetrate 
further  into  the  lung  in  association  with  an  increased 
inspiratory  volume,  but  an  enhanced  clinical 
response  does  not  necessarily  result.  If  the  dose 
is  delivered  at  residual  volume  or  total  lung  capacity 
and  not  followed  by  an  inspiratory  breath,  the 
response  is  suboptimal.' '  Breath-holding  for  at  least 
10  seconds  at  end-inspiration  increases  the  length 
of  time  the  particles  reside  in  the  lung  and.  thus. 


Hygroscopicity 

Therapeutic  aerosols  are  hygroscopic  and  grow 
two-  to  threefold  almost  instantaneously  once  they 
are  inhaled  into  the  humid  airways.''  The  rate  of 
growth  to  equilibrium  size  depends  mainly  upon 
the  initial  diameter  and  residence  time  in  the  lung. 
Small  particles  (<  3  ^m)  can  achieve  their  final  size 
within  the  inspiratory  time  of  a  normal  breathing 
cycle.  This  increased  growth  results  in  an  increased 
total  deposition,  with  a  shift  within  the  lung 
compartments  reflecting  the  more  proximal 
deposition  of  larger  particles.  Clumping  of  powders 
within  their  delivery  systems  due  to  high  humidity 
can  reduce  the  amount  of  respirable  drug  available 
to  the  patient.  It  has  been  suggested  that  this  may 
partially  explain  the  observation  that  400  ^ug  of 
salbutamol  powder  is  required  to  produce  the  same 
bronchodilator  response  as  200  /jg  of  salbutamol 
from  a  metered  dose  inhaler  (MDI).'' 

Ventilatory  Factors 

The  pattern  of  breathing,  in  particular  the 
inspiratory  tlowrate.  influences  the  aerosol  dose 
delivered  and  the  distribution  of  that  dose  within 
the  lung  (Fig.  3).  Increased  deposition  in  large 
central  airways  by  impaction  occurs  not  only  with 


BREATHING 
PATTERN 


2  MINUTES 

QUIET 

BREATHING 


2  SLOW 

VITAL 

CAPACITIES 


2  FAST 

VITAL 

CAPACITIES 


DEPOSITION 


PATTERN  (r)lUNG  OZ 


DOSE 


%LA/ 


100% 


46/22 


19.9% 


48/27 


3.6% 


57/17 


Fig.  3.  Scintigraphs  illustrating  effect  of  varying  inspiratory 
flowrate  on  dose  and  distribution  of  a  4.3  /;m  MfvlAD  aerosol 
in  the  lung.  %l_A/OZ  is  the  ratio  of  right  (R)  lung  dose 
deposited  in  the  large  airways  (LA)  to  that  in  the  outer  zone 
(OZ),  a  2.5-cm  strip  1-inch  around  periphery  of  lung. 
Distribution  of  aerosol  in  the  lung,  but  not  dose  deposited, 
was  similar  for  similar  V,„^p.  Increasing  V,„sp  by  decreasing 
from  8  seconds  to  2  seconds  the  time  to  take  a  vital  capacity 
breath  resulted  in  a  much  lower  lung  dose,  with  relatively 
more  aerosol  deposited  in  LA  and  less  in  OZ.  (Reprinted, 
with  permission,  from  Reference  7.) 
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(he  pii)babiiil\  of  dcposiiiuii.  The  use  iii'  a  hreatli- 
lutlil  has  been  shown  [o  enhance  the  response  to 
bronehodilalor  aerosol,  particularly  it'  the  drug  is 
inhaled  at  a  low  How  rale." 

High  inspiratory  tlovvrates  reduce  knig  deli\er\ 
from  inhalation  o\'  wet  or  pressurized  aerost)ls  but 
not  dry  powder  aerosols.  Because  of  their  design. 
some  dry  powder  inhalers  function  better  when  the 
powder  is  inhaled  using  high  inspiratory  tlowrates.'- 
For  example,  both  the  Spinhaler  (Fisons)  and  the 
Rotahaler  (Glaxo)  require  the  patient  to  inhale  the 
powder  with  tlowrates  of  at  least  100  L/niin  in  iirder 
to  successfully  dispense  drug.'-"  At  these  high 
tlowrates.  deposition  is  likely  to  be  mainly  in  the 
oropharynx  and  central  airways.'-*  The  intluence  of 
this  central  deposition  pattern  on  the  therapeutic 
respt)nse  is  unknown.  During  an  exacerbation  of 
asthma,  these  flows  may  be  difficult  to  achieve,'' 
and  as  a  result,  clinical  responses  may  be  suboptimal. 
Newer  designs  of  pov\der  inhalers  such  as  the 
multidose  Turbuhaler  (Astra  Pharmaceuticals  Inc)'-'' 
and  the  Inhalet  (Boehringer  Ingelheim)  require  at 
least  60  L/min  to  produce  optimal  response: 
however,  patients  can  derive  some  benefit  from 
these  devices  with  inspiratory  tlowrates  as  low  as 
30  L/min.  "^ 


decreases,  less  aerosi)!  penetrates  to  the  kuig 
periphery,  and  a  central,  patch)  deposition  pattern 
is  produced,  retlecling  impaction  ol  aerost)l  particles 
at  points  of  airway  narrowing  and  deposition  due 
to  increased  turbulence  (Fig.  4),  The  amount  of 
aerosol  being  deposited  in  the  airways  has  been 
shown  tt)  increase  with  severity  of  disease,  and 
appears  to  be  somewhat  independent  of  inspiratory 
tlowrates.--' 

99mTc-DTPA 


Airwav  Caliber 


Reduction  in  airway  caliber  due  to  increased 
mucus  production,  bronchoconstriction.  or  edema, 
or  distortion  of  the  airways  due  to  disease  alter 
aerosol  deposition. '^"^  To  a  lesser  degree,  similar 
effects  result  from  the  normal  interindividual 
variability  in  airway  size;  in  normal  adults, 
variability  in  deposition  has  been  shown  to  correlate 
with  the  expiratory  reserve  volume.  Deposition 
predictor  models  for  the  developing  lung  indicate 
that  children  under  5  years  of  age  have  greater 
airway  and  less  pulmonary  deposition  than  older 
children  and  adults,  reflecting  both  the  increased 
respiratory  rate  of  young  children  and  the  smaller 
number  of  mature  alveoli  in  the  immature  lung.''' 

Decreases  in  airway  caliber  in  patients  with 
obstructi\e  airwa\s  disease  and  in  as\niptomatic 
smokers  have  been  shown  to  result  in  central-airway 
deposition  patterns-"  that  correlate  well  with 
pulmonary  function  measurements.-"--  As  the  FEV, 


0  min 


Fig.  4.  Lung  scan  obtained  in  a  patient  with  COPD  with 
FEV,  0.67  L,  illustrating  reduced  ventilation  to  the  lung 
periphery.  Hot  spots  indicate  impaction  of  aerosol  particles 
at  points  of  airway  narrowing. 


Aerosol  Generation 

Therapeutic  aerosols  are  produced  by  jet  and 
ultrasonic  nebulizers,  powder  inhalers,  and 
chlorofluorocarbon-containing  (Freon)  pressurized 
canisters,  and  can  be  deli\ered  to  the  airways 
through  nmuthpieces.  face  masks,  tubing,  spacer 
devices  (or  holding  chambers),  and  ventilator 
circuits.  If  the  MMAD  of  the  aerosol  is  initially 
too  large,  with  the  potential  for  insufficient  delivery 
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{o  the  Imver  respiratory  tract  or  poor  penetration 
to  the  lung  periphery,  the  partieie  si/e  of  the  aerosol 
ean  be  reduced  by  heating,  batiling.  or  using  spaeer 
devices  that  cause  large  particles  to  rainout  through 
impaction  or  sedimentation.--'-^  In  a  vaived  spacer 
device  used  with  a  volatile  aerosol,  the  aerosol  may 
he  further  aged  by  allowing  it  to  e\aporate  over 
a  finite  time  prior  to  inhalation.  Use  of  these  devices 
yields  a  reduced  oropharyngeal  dose  and  hence  a 
lower  incidence  of  side  effects,  such  as  thrush  and 
hoarseness  from  steroid  aerosols.-''  A  study  by  my 
group-^  suggests  that  use  of  vaived  devices  may 
also  produce  a  more  uniform  distribution  of  aerosol 
within  the  lung  reflecting  the  reduced  MMAD  of 
the  available  aerosol.  Newman  et  al-*^  have  shown 
that  an  increased  deposition  of  aerosol  in  the  lower 
respiratory  tract  can  be  achieved  with  the  large  (750 
niL)  devices,  but  the  work  of  Konig  et  al-"  suggests 
that  the  large  devices  provide  no  advantage  in  terms 
of  clinical  responses  compared  to  use  of  smaller 
vaived  spacers. 

A  decrease  in  particle  size  can  be  achieved  when 
delivery  is  to  mechanically  ventilated  patients  via 
an  endotracheal  tube.  Although  losses  occur  in  the 
tracheal  tube  due  to  its  narrow  diameter,  sufficient 
respirable  aerosol  is  created  to  provide  adequate 
dosing  to  the  lung."'"  A  submicronic  primary  aerosol 
delivered  in  this  way  may  produce  greater  lung 
deposition  than  an  aerosol  with  a  MMAD  of 
approximately  3  //m.^'-'- 

Techniques  and  Assessment  for 
Dru{>  Delivery  and  Response 

A  number  ol  in-vivo  techniques  have  been 
developed  for  quantitating  the  amount  of  therapeutic 
aerosol  delivered  to  the  lung.  These  include 
measurementsof  pharmacokinetics;  drug  loss:  direct 
labeling  of  bronchodilator.  replacement  particles,  or 
droplets;  the  use  of  activated  charcoal  to  absorb 
the  drug;  and  the  mixing  of  a  radiotracer  with  the 
drug  for  inhalation.  When  performing  these 
experiments,  it  is  important  to  aerosolize  the  drug 
with  the  tracer  because  the  characteristics  of  the 
drug-plus-tracer  aerosol  are  different  from  the 
tracer-only  aerosol.  I  he  radioacti\  its  can  be 
detected  by  multiple  probes,  gamma  camera,  whole- 
body  scanners,  or  tomographic  systems,  and  the 
methodologies  for  using  this  equipment  arc  well 


described  in  the  literature.^' "*■*  Studies  of  drug 
deposition  have  been  performed  mainly  in  adults; 
few  data  are  available  in  children. 

The  relevant  criteria  of  effectiveness  of  thera- 
peutic aerosols  address  the  clinical  efficacy. 
Responses  to  treatment  can  be  assessed  by  a  variety 
of  outcome  measurements  (Table  .3).  The  use  of 
inhaled  steroid  for  1  year,  for  example,  has  been 
shown  to  result  in  an  improvement  in  asthma, 
demonstrated  by  a  clinical  scoring  system  and  the 
measurement  of  methacholine  airway  responsive- 
ness.^'' Decreases  in  the  numbers  of  inflammatory 
cells  in  bronchoalveolar  lavage  fluid  have  been 
observed  after  a  short  course  of  the  steroid 
budesonide  inhaled  from  an  MDl."' 


Tublc  .'^.  Asscssnienl  ot  Responses  lo  hiliakiiu  TiL\ilnicnt 

Symptom  and  medication  seorini: 

Pulmonary  function 

Non-specific  airway  responsneness 

Mucociliary  clearance 

Respiratory  epithelial  clearance  (small  solute-DTPA) 

Bronchoalveolar  la\age  (cells,  nuirkers) 

Sputum  cytology 


Conclusions 

Aerosols  t)ffer  many  advantages  over  alternative 
forms  of  therapy.  However,  the  successful  use  of 
aerosols  in  diagnosis  and  treatment  depends  upon 
an  understanding  of  the  principles  of  aerosol 
generation  and  factors  affecting  delivery.  In  general, 
inhalation  of  small  particles  (<  ?i  //m)  using  a  low 
tlourate  (<  1  L/s)  and  tollovsed  with  a  lO-second 
breath-hold  at  end-inspiration  will  enhance  lower 
respiratory  tract  deposition  and  pro\  ide  good  clinical 
response. 
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Aerosol  Generators  and  Deliveiy  Systems 

Stephen  P  Newman  PhD  FInstP 


Introduction 

Although  inhalation  therapy  has  been  practised 
for  man\'  centuries,  its  modem  era  can  probably 
be  dated  to  the  1930s  when  adrenaline  was  first 
given  by  hand-held  squeeze-bulb  nebuliser  for  the 
treatment  of  asthma.'  Subsequently,  inhalation 
therapy  was  revolutionized  by  the  introduction,  in 
1956.  of  the  pressurized  metered  dose  inhaler  (MDl). 
which  has  remained  a  cornerstone  of  asthma  therapy 
during  the  ensuing  decades.  Today,  the  respiratory 
physician  can  choose  from  a  range  of  inhalation 
devices.  Pressurized  MDIs  may  be  used  either  alone 
or  in  conjunction  with  a  spacer  or  holding  chamber. 
while  both  single-dose  and  multidose  powder 
mhalers  are  useful  alternatives.  Nebuli.sers  continue 
to  be  used,  but  squeeze-bulb  devices  have  been 
largely  superseded  by  either  gas-driven  "jet"  or 
ultrasonic  nebulisers. 

Each  device  has  its  advantages  and  disad\  antages 
and.  hence,  its  own  clinical  roles  to  play.  In  this 
paper.  I  will  compare  and  contrast  the  different 
devices  in  terms  of  their  output  characteristics, 
deposition  efficiencies,  and  practical  aspects. 
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Nebulisers 

Jet  vs  Ultrasonic  Nebulisers 

Nebulisers  are  of  two  types  (jet  and  ultra.sonic), 
each  functioning  by  a  different  principle.-'  Jet 
nebulisers  (Fig.  1)  utilise  the  Bernoulli  principle. 
Compressed  gas  from  a  domiciliary  compressor,  air 
or  oxygen  cylinder,  or  hospital  air  line  is  pas.sed 
through  a  narrow  constriction  known  as  a  venturi. 
This  creates  an  area  of  low  pressure,  and  drug  solution 
from  a  reservoir  is  thus  drawn  up  a  feed  tube  and 
is  fragmented  into  droplets  by  the  air  stream.  Only 
the  smallest  droplets  leave  the  nebuliser  directly,  while 
the  majority  impact  t)n  baffles  and  walls,  and  are 
returned  to  the  reservoir.  Consequently,  nebulisation 
takes  se\eral  minutes  to  complete,  depending  upon 
the  initial  \'oIume.  A  substantial  propoilion  of  the  dose 
is  retained  permanently  (as  a  dead  or  residual  volume) 
on  baffles  and  the  internal  walls  of  the  nebuliser 
chamber,  and  cannot  be  released.  Droplet  mass  median 
aerodynamic  diameter  (MM AD)  and  nebulisation  time 
to  dryness  (until  no  more  aerosol  is  produced)  are 
both  in\ersely  proportional  to  pressure  upstream  of, 
and  compressed  gas  flowrate  through,  the  nebuli.ser. 


INHALED  AIR  IN 


AEROSOL  OUT 


BAFFLE 


LIQUID  RESERVOIR 


COMPRESSED  GAS  IN 

Fig.  1 .  Design  of  typical  jet  nebuliser. 

In  the  ultrasonic  nebuliser,  a  high-frequency  signal 
(typically  about  1  MHz)  is  used  to  create  a  fountain 
of  droplets  above  a  liquid  resenoir,  with  the  largest 
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of  these  impacting  on  baffles  and  the  internal  walls. 
There  has  been  concern  that  sonitlcation  may  damage 
some  drug  molecules.^  Droplet  MMAD  is  in\ersely 
related  to  the  ultrasonic  frequency,  although  this 
frequency  can  seldom  be  varied  by  the  user.  Drug 
output  rate  is  proportional  to  the  power  setting  or 
amplitude  of  the  ultrasonic  signal. 

Ultrasonic  nebulisers  have  a  tendency  to  have  a 
larger  droplet  size  and  a  higher  output  rate  in  mL/ 
min  (and  hence  a  shorter  nebuhsation  time  to  dryness) 
than  jet  nebulisers.  Some  ultrasonic  nebulisers  with 
a  frequency  much  less  than  1  MHz  have  a  droplet 
MMAD  >  15  f.im.''  Jet  nebuliser  aerosols  cause  less 
cough  and  irritation  than  ultrasonic  nebuliser  aerosols.'' 
but  the  reason  for  thi.s  is  unclear.  Large  volume  models 
of  both  jet  and  ultrasonic  nebuliser  are  available  for 
continuous  delivery  of  aerosol  over  periods  of  man\ 
hours;  of  these,  the  Collison  nebuliser  is  probably 
best  known.^  The  drug  solution  within  the  nebuliser 
will  become  increasingly  concentrated  with  time 
because  of  preferential  evaporation  of  diluent.  This 
effect  is  related  to  humidity,  and  is  most  marked  in 
the  jet  nebuliser  when  the  driving  gas  is  dry  air  from 
a  cylinder.** 

Desirable  Output  Characteristics 

It  is  often  assumed  that  all  nebulisers  are 
essentially  similar  in  performance,  and  it  is  the 
tendency  in  clinical  practice  for  the  nearest  nebuliser 
to  be  taken  from  the  shelf  when  one  is  needed, 
without  consideration  of  its  output  characteristics.'^"^ 
Surveys  of  nebuliser  apparatus  have  shown  marked 
differences  in  the  drug  output,  droplet  size,  and 
nebulisation  time  from  various  nebuliser  systems, 
and  in  the  pressures  and  tlowrates  generated  by 
various  domiciliary  compressors."  '■*  Hence,  in 
clinical  practice  there  may  be  a  wide  variation  in 
the  quality  and  quantity  of  aerosol  that  the  patient 
receives,  depending  upon  the  apparatus  selected 
(Table  1 ). 

Laboratory  studies  have  predicted  thai  there  can 
be  a  lO-fold  variation  in  respirable  dose,  depending 
upon  the  choice  of  nebuliser,  its  volume  till,  and 
the  compressed  gas  flowrate."  Additionally,  high 
batch-to-batch  and  within-batch  variation  in  output 
characteristics  among  allegedly  identical  nebulisers 
have  been  reported.'''"' 


Table  1 .  Cmnpurison  of  Some  Technical  Aspects  of  Various 
Jet  Nebuliser  and  Compressor  Systems  Available  in 
1990  in  the  United  Kingdom 


Sound  level 

Weight 

Static  pressure 
Free  How 

DvnamicI  in-line)  How 
Output  in  10  mm 

Percent  of  mass  <  5  /jm 
Cost 


50-67  db 

2.1-4.1  kg 

95-452  kPa 

7.0-12.2  Umin 

3.6-6.9  Umin 

30-67%  of  2.3  mL 

17-44%  of  5  mL 

16-62% 

£65-£145,  minus  sales  ta.x 

S106-S237,  minus  sales  tax 


Ideally,  a  nebuliser  system  should  have  a  high  drug 
output  (mass  of  drug  released  as  aerosol)  plus  low 
residual  volume,  a  small  droplet  size  for  penetration 
into  the  lungs  (MMAD  <  5  /vm)  and  a  short 
nebulisation  time  for  patient  compliance.  A  relatively 
powerful  compressor,  capable  of  producing  an  in- 
line tlowrate  through  a  nebuliser  of  at  least  8  L/ 
min,  will  reduce  droplet  size  and  nebulisation  time. 
Two  such  compressors  available  in  the  United 
Kingdom  are  the  Maxi  III  and  CR  60.*  When  coupled 
to  certain  brands  of  nebuliser  (eg.  DeVilbiss  646. 
Ciniis.  and  Tiiiret).  the  ideals  described  above  are 
met  reasonably  well,  although  they  are  to  some  extent 
mutually  incompatible,  and  compromise  is  necessary. 
For  instance,  nebulisers  deliver  more  drug  as  aerosol 
with  a  4-mL  volume  fill  than  with  a  2  mL-volume 
fill.''  even  if  the  extra  2  mL  is  composed  entirely 
of  diluent.  Conversely,  nebulisation  time  is  halved 
with  a  2-mL  fill,  and  many  jet  nebulisers  will  have 
aerosolized  the  majority  of  this  do.se  in  the  acceptably 
short  time  of  5  minutes'^  depending  upon  the 
compressed  gas  tlowrate.  Nebulisers  may  be 
improved  by  changes  in  design.'**  for  instance 
reducing  the  dead  volume  by  means  of  plastic  inserts 
placed  in  the  nebuliser  chamber. 

In  conventional  nebulisers.  almost  all  the  dose 
produced  during  exhalation  is  wasted  to  the 
atmosphere.  A  hand-operated  triggering  mechanism, 
intended  to  synchronize  aercsol  production  with 
inhalation,  will  partly  overcome  this  problem,  but 
at  the  expense  of  increasing  nebulisation  time  to 


*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  le,\t. 
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dryness.  Dnig  delivery  is  significantly  enhanced  by 
the  use  of  a  \al\ed  storage  chamber  (eg.  Mizer)  to 
hold  aerosol  generated  during  exhalation.'"  Even  the 
addition  of  a  simple  5()-mL  lube  to  a  nebuliser  as 
an  expiratoiy  reser\oir  improves  diug  delivery.-" 
Although  such  de\  ices  may  significantK  increase  the 
bulk  of  the  nebuliser  system,  they  enable  a  given 
amount  of  drug  to  be  delivered  in  a  shorter  time 
(which  may  enhance  compliance),  and  should  produce 
important  financial  savings  for  expensive  drugs. 

Deposition  Efficacy 

The  technical  factors  listed  in  Table  2,  together 
with  patient-related  factors,  will  detemiine  the  site 
and  extent  t)f  aerosol  deposition  in  the  lung,  which 
should  in  turn  be  a  major  detemiinant  of  clinical 
efficacy. 


Table  2.  Technical  and  Patient-Related  Factors  that  Determine 
the  Pattern  of  Aerosol  Deposition,  the  Major 
Determinant  of  Clinical  EtTicacv 


Technical  Factors 

Type  of  nebuliser 
Individual  nebuliser 
FKnsrate  &  compressor 

(jet  nebuliser) 
Frequency  &  amplitude 

(ultra.sonic  nebuliser! 
Volume  till 
Drug  concentration 

effect 
Auxiliary  tubing  and 

baffles 
Auxiliarv  vents 
Triggering  devices 
Storage  chambers 
Solution    viscosity    & 

surface  tension 
Humidity  &  temperature 

Patient-Related  Factors 

Breathing  pattern 
Mouth  or  nose  breathing 
Airway  geometry 
Health  or  disease 
Airway  obstruction 
Posture 

Intermittent  positive 
pressure 


Drug  output  & 
dead  volume 

Droplet  size  spectrum 

Nebulisation  time  to  dryness 


I 


I 


Total  and  regional  aerosol 
deposition 


i 


Clinical  efficacy 


The  percentage  of  the  dose  placed  in  a  nebuliser 
that  is  delivered  to  the  lungs  can  be  as  low  as  I'/c-' 
and  as  high  as  309f  in  the  occasional  individual. -- 
This  retlects  not  onlv  mieisubject  variability  in 
deposition  but  also  the  use  of  different  nebuliser 
systems  and  t)perating  conditions.  .Some  ultrasonic 
devices  with  M!VlADs>l5  //m  in  diameter  will 
deposit  negligible  aerosol  in  the  lungs. '^  In  a  recent 
study,  we  found  means  of  9.y/r  and  3.1%  of  the 
dose  deposited  in  the  lungs  from  two  commercially 
available  jet  nebuliser  systems  with  MMADs  of  3.3 
f.im  and  7.7  jjm.-^  Inherently  low  deposition  from 
nebulisers  is  to  be  expected  because  of  ( I )  retention 
of  approximately  half  the  initial  solution  volume 
on  the  internal  walls.  (2)  increase  in  the  concen- 
tration of  this  solution  during  nebulisation.  so  that 
the  majority  of  the  dose  is  retained  in  the  apparatus. 
(3)  loss  of  aerosol  generated  during  the  exhalation 
phase  of  breathing,  (4)  termination  of  treatment  prior 
to  nebulisation  to  dryness.  (5)  deposition  of 
inappropriately  large  droplets  (>  5  //m)  in  the 
oropharynx,  and  (6)  exhalation  of  many  smaller 
droplets. 

Selective  deposition  in  the  most  peripheral  parts 
of  the  lungs  can  be  achieved  by  conventional 
nebulisers  fitted  with  auxiliary  baffles  downstream 
of  the  nebuliser  chamber:--'-''  however,  total  lung 
deposition  from  such  systems  (eg.  Respirgard  II) 
may  be  less  than  that  from  conventional  devices 
because  not  only  most  of  the  nonrespirable  aerosol 
but  also  some  of  the  respirable  aerosol  is  removed 
by  the  baffles. 

Only  a  mean  2.99c  of  a  nebulised  dose  was 
recorded  in  the  lungs  of  7  stable,  intubated, 
mechanically  ventilated  patients,  compared  to  a 
mean  of  1  1 .97c  in  3  healthy  nonventilated  subjects.-'' 
Impaction  within  the  tube  itself  probably  accounted 
at  least  in  part  for  the  reduced  deposition  in  the 
intubated  patients;  major  los.ses  of  aerosol  on  tubing 
between  the  nebuliser  and  the  point  of  outlet  have 
been  noted  in  vitro.-^  Deposition  following  delivery 
via  endotracheal  tubes  will  depend  upon  many 
factors,  including  the  aerosol  droplet  size,  the 
breathing  pattern,  the  diameter  of  the  tubing,-^  the 
positioning  of  the  nebuliser  in  the  ventilator  circuit.-** 
and  the  way  in  which  aerosol  release  is  synchronized 
with  inhalation.-'' 

Although  the  deposition  pattern  can  be  altered 
by    artificial    breathing    manoeuvres.'" ''    tidal 
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breathing  is  normally  used  in  the  clinical  sitiiatidn. 
The  addition  of  deep  breathing'-"  and  breath- 
holding"  during  nebuliser  therapy  did  not  augfiient 
the  deposition  achieved  b\  tidal  breathing.  Either 
a  mouthpiece  or  face  mask  can  be  used,  although 
upper-airway  losses  should  be  relatively  high  and 
lung  deposition  relatively  low  for  the  latter  because 
the  nose  is  a  very  efficient  aerosol  filter.^-*  The 
addition  of  intermittent  positive-pressure  breathing 
(IPPB)  to  nebuliser  therapy  does  not  improve 
deposition.'^  partly  explaining  vvh\  this  modality 
is  no  longer  recommended  other  than  for  patients 
requiring  assisted  ventilation."'  The  addition  of  oral 
high-frequency  oscillation  (OHFO)  to  nebuliser 
therapy  produces  a  complex,  but  essentially 
negati\e.  effect  on  aerosol  deli\ery.''  Inhalation  in 
the  supine  position  may  improve  upper-lung-zone 
deposition  during  pentamidine  aerosol  therapy.^^ 

The  manner  in  which  the  patient's  inhalation  may 
affect  aerosol  deposition,  either  directly,  or 
indirectly  via  manipulation  of  the  nebuliser  output 
characteristics,  is  still  niu  completely  under- 
stood."'^" Deposition  of  drug  may  be  related  to 
nnnute  ventilation.^'  ^-  and  the  low  deposition  values 
achieved  in  infants'-*  may  arise  partly  because  their 
minute  ventilation  is  substantially  less  than  the 
compressed  gas  tlowrate  (in  liters  per  minute) 
supplied  to  a  jet  nebuliser.  Because  aerosol  is  only 
carried  into  the  lung  during  inhalation,  deposition 
may  be  especially  low  in  severely  dyspneic  patients 
who  inhale  by  rapid  shallow  breaths,  and  large  doses 
may  have  to  be  delivered  in  such  patients  in  order 
to  compensate  for  the  effects  of  this  pattern. 

Clinical  Efficacy 

Because  major  differences  exist  in  output 
characteristics  and  in  aerosol  deposition  among 
different  systems,  this  should  also  be  reflected  in 
differences  in  clinical  efficacy.  Yet,  it  has  proved 
difficult  to  demonstrate  changes  in  bronchodilator 
response  among  different  nebulisers  or  for  the  same 
nebuliser  operated  at  different  compressed  gas 
flowrates.  and  hence  u  ith  different  droplet  sizes. ^'■■'■* 
However,  this  probably  reflects  the  high  broncho- 
dilator doses  (at  least  1  mg)  used  in  these  studies, 
which  are  typical  of  those  occurring  in  clinical 
practice.  .Such  doses  may  be  effective  even  from 
arelati\ely  inefficient  nebuliser  system.  Differences 


in  bronchodilator  responses  between  nebulisers  can 
be  shown  in  stable  asthmatics  when  smaller  doses 
are  used.-' 

Choice  of  nebuliser  ma\  assimie  much  greater 
importance  when  drug  substances  other  than 
bronchodilators  are  used  (for  instance,  to  minimize 
oropharyngeal  deposition  and  hence  systemic 
deli\ery  of  topical  suspensions  of  corticiistert)ids 
or  to  ensure  efficient  delivery  of  expensive  drug 
substances).  Use  of  a  specific  brand  of  nebuliser 
is  also  important  for  standardizing  bronchial 
provocation  tests."'  Only  certain  nebulisers  with  a 
MMAD  <  2  /.im  are  appropriate  for  selecti\e  drug 
targeting  of  alveolar  regions.  Drugs  that  may  require 
such  nebulisers  include  pentamidine,--*  anti-viral 
agents.^^  alpha, -antitrypsin,-"'  and  substances  for 
systemic  absorption. ^^  In  addition  to  nebulisers  with 
auxiliary  baffles  mentioned  previously,  such  as  the 
Respirgard  11.-^  devices  originally  designed  for  lung 
ventilation  scanning  such  as  Cadema  and  L'ltravent 
(formerly  known  as  Synte\ent)  and  the  SPAG-2 
Collison  nebulizer*''  may  be  especially  appropriate 
in  these  circiniistances.-*'"  Such  devices  may  also 
reduce  losses  in  endotracheal  tubes,  and  may  hence 
improve  drug  delivery  to  mechanically  ventilated 
patients.-^ 

Advantages  and  Disadvantages 

The  simplicity  of  inhalation  technique  (tidal 
breathing)  froni  a  nebuliser  is  one  of  its  greatest 
merits,  although  even  this  may  be  a  problem  in 
severely  dyspneic  patients.-*''  Hence  nebulisers  can 
be  used  in  situations  where  other  ilev  ices  might  be 
unsuitable  (for  instance,  by  infants  less  than  one 
year,^"  and  for  other  groups  of  patients  who  cannot 
use  other  devices  successfully).  Nebulisers  can  be 
incorporated  into  ventilator  circuits.^'  although  here 
thev  are  rather  inefficient  as  previously  discussed. 
Oxygen  may  be  used  as  a  driving  st)urce  in  jet 
nebulisers.  where  appropriate.  Virtually  any  drug 
solution  or  sus|-iension  cai-:  be  nehuli/cd  and  in 
virlualK  any  dose.  For  instance  the  aerost)lization 
of  huge  doses  of  antibiotic  solutions  (up  to  1  g) 
for  the  prophylaxis  of  pseudonionas  inlccli(Mi  in 
cystic  fibrosis  would  be  impossible  using  any  other 
device.^-  The  types  of  drug  substances  delivered 
by  nebuliser  are  certain  to  increase  in  the  future. 
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Conversely,  nebulisciN  also  ha\e  some  serious 
drawbaeks.  Treatnient  is  slow  (over  several 
iiiiiuites).  and  the  compressor  or  ultrasonic  generator 
is  relatively  expensive,  bulky,  and  not  portable. 
Electricity  is  generally  required.  .Mtliough  it  is  easy 
to  put  unusual  drug  substances  in  nebulisers,  it  is 
also  easy  to  contaminate  nebuliser  solutit)ns, 
especially  when  multidose  vials  are  used.  Hypotonic 
and  hypertonic  solutions,  and  preservatives,  may 
cause  bronchoconstriction,^' ''-'  and  it  should  be 
borne  in  mind  that  the  tonicity  of  solutions  increases 
with  time  owing  to  evaporation  of  diluent. 

Unlike  other  inhalation  devices,  nebuliser  systems 
are  usually  not  supplied  with  the  drugs  that  go  in 
them,  and  hence  it  is  not  generally  necessary  to 
satisfy  drug  regulatory  authorities  about  the  output 
characteristics  of  nebulisers.  There  appears  to  be 
poorer  control  over  the  performance  of  nebulisers 
than  over  that  of  other  devices.  I  have  observed 
that  manufacturers  persist  in  providing  misleading 
information  about  the  droplet  size  of  nebulisers  (for 
instance,  quoting  droplet  size  by  number  and  not 
by  volume  or  mass,  which  automatically  makes  a 
heterodisperse  aerosol  from  a  nebuliser  look  smaller 
than  it  really  is)  and  about  the  power  of  compressors 
(stating  only  the  maximum  "static"  pressure  and 
maximum  "free'  flow,  rather  than  the  lower 
pressures  and  flows  that  pertain  when  nebuliser  and 
compressor  are  actually  connected). 

There  has  been  concern  over  the  recent  increase 
in  demand  for  home  nebuliser  therapy.^s  and  surveys 
have  revealed  a  lack  of  supervision  and  poor 
knowledge  of  the  correct  action  to  take  during  acute 
exacerbations  of  asthma.'" '''' 

Pressurized  Metered  Dose  Inhaler 

Drug  Delivery 

Pressurized  MDIs  comprise  the  drug,  usually  as 
micronized  crystals,  suspended  with  a  surfactant  in 
a  mixUire  of  two  or  three  chlorotluorocarbon  (CFC) 
propellants.  The  metered  volume  ranges  from  25  to 
100  /iL,  and  contains  50  ^g  to  5  mg  of  drug 
substance.''''-^**  The  propellant  vapor  pressure  varies 
from  approximately  3(X)  to  5(X)  kPa  at  20°C,  depending 
upon  the  propellant  mixture.  Spray  characteristics  will 
depend  upon  a  range  of  physicochemical  factors  listed 
in  Table  3.  Because  the  canister  is  pressurized,  the 


spray  moves  rapidly  and  directionally.  and  the  majority 
of  the  dose  is  deposited  in  the  oropharynx,'"'"''  with 
a  percentage  deposited  in  the  lungs  that  has  been 
estimated  variously  to  average  between  10  and  25%. 
There  is  a  high  intersubject  variability  in  lung 
deposition.  The  high  orophai"\  ngeal  deposition  may, 
in  the  case  of  topical  corticosteroids,  lead  to  local 
side  effects.*^ 

Table  3.  Factors  Detennining  Drug  Deliverv'  from  Pressurized 
Metered  Dose  Inhalers 


Physicochemical  Factors 

Propellant  vapour  pressure 
Metered  volume 
Mass  of  drug  per  metered  dose 
Dnig  concentration 
Surfactant  concentration 
Ethanol  and  other  additives 
Drug  particle  size 
Temperature  and  humidity 
Actuator-orifice  dimensions 

Mode  of  Inhalation 

Coordination  of  actuation 
'Cold-Freon"  problems 
Slow,  deep  inhalation 
Breath-holding  pause? 
Closed-  vs  open-mouth  technique? 
Shake  inhaler  to  disperse  drug? 
Ht)ld  inhaler  upright  to  refill? 
Instruction  on  technique 

Spacer  Devices 

Type  of  spacer 
MDI-spacer  combination 
Mtxie  of  inhalation 

Other  Auxiliary  Devices 

Breath-actuated  MDI  (Autohaler) 

GentleHaler 

Training  Aids 


Successful  dmg  delivery  from  an  MDI  depends 
critically  on  inhalation  technique  (Table  3).  The  MDI 
should  be  actuated  during  a  slow,  deep  inhalation, 
with  a  10-second  breath-hold  following.'''^  Patients  are 
usually  advised  to  place  the  mouthpiece  between 
closed  lips,*'"'  although  holding  the  mouthpiece  a  few 
centimeters  from  the  open  mouth  is  sometiines 
recommended.''"  Coordination  between  actuating  the 
MDI  and  inhaling  is  crucial.  Many  patients  cannot 
do  this:  yet,  drug  delivery  and  efficacy  are  negligible 
if  the  MDI  is  tired  after  inhalation  has  been  completed 
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(ie.  the  entire  dose  impacts  in  the  oropharynx).'*  Other 
patients  stop  inhaling  when  the  cold  blast  of  the 
propellants  hits  the  back  of  the  throat  (the  so-called 
'cold-Freon'  effect).  Predictablv.  these  problems  are 
especially  troublesome  in  children  and  in  the  elderly. 
Patients  with  imperfect  technique  are  often  unaware 
that  their  poor  technique  produces  a  suboptimal 
effect.''^  Many  patients  u  ho  have  acquired  good  inhaler 
technique  will  lose  it  with  continued  treatment. 

A  breath-actuated  pressuri/ed  MDl  (Auiohaler) 
was  introduced  in  the  United  Kingdom  in  1989 
for  deli\ery  of  albuterol  and  moie  recently  for 
cromolyn  sodium.''^  This  device  neatly  overcomes 
coordination  difficulties,  but  presumably  will  not 
help  to  solve  cold-Freon  problems.  However,  there 
is  evidence  that  patients  can  learn  to  use  this  device 
more  easily  than  acornentional  pressuri/ed  MDI.'''* 
Correct  instruction  and  repeated  checking  of 
technique  are  essential,  and  the  use  of  training 
aids  may  help  in  this.''''-^'  A  new  pressurized  device 
that  delivers  a  slow-moving  spray  (GentleHaler) 
has  been  described.'''  which  may  help  to  reduce 
problems  of  poor  coordination  and  cold-Freon 
difficulties,  and  which  may  reduce  oropharyngeal 
deposition  of  inhaled  corticosteroids. 

Advantages  and  Disadvantages 


Spacers  and  Chambers 

It  is  not  widely  known  that  the  first  pressurized 
MDI  produced  by  Riker  Laboratories  in  1956  had 
an  elongated  tube-shaped  mouthpiece,  which  was 
shortened  to  its  present  length  about  2  years  later. 
A  variety  of  spacer  tubes  and  chamber  devices  to 
be  attached  to  the  MDI  mouthpiece  are  available, 
and  many  prototype  devices  and  homemade  spacers 
or  chambers  have  been  described.  Valved  spacer 
devices  (such  as  Nebuhaler.  Vokunalic.  Aero- 
chamber,  and  Rondo)  and  collapsible  spacers  (such 
as  InspirEase  and  AeroVent)  are  the  most  versatile 
of  these.  Coordination  and  cold-Freon  problems  are 
largely  eliminated,  because  the  dose  may  be  fired 
into  the  spacer  and  inhaled  subsequently  (Fig.  2). 


Metered  dose  canister 


Actuator 


Mouthpiece 


Reservoir  bag 


The  pressurized  MDI  has  some  superb  practical 
advantages  that  explain  its  popularity  over  several 
decades.  It  is  cheap,  quick  to  use.  small,  portable, 
multidose,  and  does  not  need  electricity.  The 
contents  are  sealed  and  cannot  be  contaminated. 

Conversely,  the  pressuri/ed  MDI  also  has  some 
serious  limitations.  Because  the  required  inhalation 
technique  is  difficult  to  master,  the  device  is 
unsuitable  for  some  groups  of  patients  (eg.  the  very 
young  and  for  many  other  individuals).-''  Only  a 
limited  range  of  drugs  is  available  by  MDI.  and 
it  is  difficult  [o  deliver  high  doses  conveniently. 
CFC  propellants  are  required,  but  these  are  likely 
to  be  banned  worldwide  because  of  their  contri- 
bution to  o/onc  depletion  and  to  global  warming. 
Allernati\e  propellants  must  be  sought.''-'  As 
discussed  above,  propellants  are  responsible  for  one 
of  the  major  forms  of  pressurized  MDI  misuse  and 
may  cause  bronchoconstriction  in  some  asthmatic 
subjects.'^ 


Miiti-adaptor 


IVIouttpiece 


Metered  dose  canister      Ctiamber 


Fig.  2.  Two  types  of  spacers,  or  holding  chambers,  used 
with  pressurized  metered  dose  inhalers. 

Oropharyngeal  deposition  from  spacer  de\  ices  is 
always  less  than  that  from  a  standard  MDI.  and 
this  may  reduce  both  the  local''^  and  systemic 
effects'''^''''  of  topical  corticosteroids  (Table  4).  Lung 
deposition  may  be  greater  than  thai  from  a  correctly 
used  MDI.  but  the  fractionation  of  the  dose  among 
lungs,  oropharynx,  and  spacer  walls  varies  according 
to  spacer  design.^****"  After  reviewing  more  than  30 
clinical  studies,  Konig**'  concluded  that  spacers 
in\ariably  maintain  anil  often  enhance  the  clinical 
effects  ol  MDI  bioiichodilalors,  presumably  because 
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they  can  "correct"  tor  poor  MDI  technique  in  an 
important  proportion  ot  patients.  There  is,  however, 
no  clear  evidence  that  they  confer  greater  broncho- 
dilator  efficacy  than  a  correctly  used  pressurized 
MDI  (Table  4).  In  addition  to  their  use  in  asthma, 
topical  corticosteroids  have  been  used  successfully 
in  patients  with  pulmonary  sarcoidosis,  either 
through  Brethancer  tube  spacer"^-  or  Nebuhaler.^' 

Spacers  retain  most  of  the  practical  advantages 
of  the  standard  MDI,  but  are  obviously  more  bulky 
and  less  convenient.  However,  they  may  be 
especially  useful  in  a  domiciliary  situation,'*-***''  with 
patients  using  them  morning  and  evening  at  home 
but  using  a  conventional  MDI  w  hen  they  are  away 
from  home  during  the  day.  Some  models  can,  when 
equipped  with  a  face  mask,  be  u.sed  to  deliver 
pressurized  bronchodilator  or  corticosteroid  aerosols 
to  children  as  young  as  I  year  of  age.**^****  The 
flowrates  needed  to  open  the  inhalation  valves  on 
Nebuhaler  and  Volumatic  are  very  low  and  are 
within  the  capabilities  of  infants,  although  the  flows 
at  which  the  valves  close  are  higher.^'' 

Table  4.  IJrug  Deli\ery  from  Spacer  Devices 


Lung  Deposition 

Comparable  to  or  greater  than  from  corrcctl\  used  MDI 

Oropharyngeal  Deposition 

Always  less  than  trom  MDI 

Clinical  Consequences 

Bronchodilator  efficacy  similar  to  correctly  used  MDI 
Bronchodilator  efficacy  greater  than  incorrectly  used  MDI 
Reduction  in  local  and  systemic  side  effects  of  topical 

corticosteroids 
Possibility  of  asthma  control  with  smaller  drug  dose  than  from 

MDI? 

Unknowns 

Few  comparisons  of  different  spacers 
Optimal  inhalation  techniques  poorly  understood 
Permissible  MDl-spacer  combinations? 
Few  studies  on  inhaled  corticosteroids 


Spacers  vs  Nebulisers 

Various  spacers  (including  Nebuhaler.'"'-'" 
Aerochamber,''-  and  InspirEase'")  have  been  used 
successfully  as  alternatives  to  nebulisers  for  delivery 
of  large  doses  of  bronchodilators  in  patients  with 
acute  severe  asthma  and  chronic  sexere  asthma. 
Generallv,  bronchodilators  are  effecti\c  in  smaller 


doses  when  given  to  these  patients  by  spacer  than 
when  given  by  nebuliser.'"  Compared  to  nebuli.sers, 
spacers  are  cheaper,  more  portable,  and  easier  to 
clean. 

It  is  often  assumed  that  patients  with  severe 
airways  obstruction  will  be  unable  to  use  a 
conventional  pressurized  MDI  unless  it  is  coupled 
to  a  spacer,  yet  Jenkins  et  al"^  and  Mestitz  et  al'^'^ 
have  demonstrated  the  equivalence  of  equipotent 
doses  of  bronchodilator  from  MDI  and  from 
nebuliser  in  patients  with  severe  chronic  airflow 
limitation  and  yet  good  inhaler  technique.  In  the 
former  of  these  two  studies,  patients  attributed  their 
well-being  to  nebulisers,  without  any  objective 
evidence.  This  demonstrates  an  important  general 
point — namely,  that  successful  therapy  depends 
upon  the  dose  of  drug  delivered  to  the  lung, 
regardless  of  how  it  is  achieved. 

A  small  valved  spacer  device  (AeroVent)  was 
more  efficient  than  a  Bennett  Twin-Jet  nebuliser 
when  placed  in  a  ventilator  circuit.-'''  A  mean  5.6% 
of  the  dose  from  the  AeroVent  was  deposited  in 
the  lungs  of  the  9  patients  receiving  mechanical 
ventilation,  either  via  endotracheal  tube  or  by 
tracheostomy,  compared  to  only  1 .2%  in  1 1  patients 
treated  by  nebuliser.  However,  in  an  in-vitro  model, 
a  larger  spacer  (Nebuhaler)  was  less  efficient  than 
a  Cirrus  nebuliser,"^  perhaps  reflecting  the  variations 
in  performance  between  different  spacers  and 
between  different  nebuli.sers. 

Unknowns  about  Spacers 

Some  important  clinical  questions  about  spacers 
and  chambers  remain  largely  unanswered.  The 
deposition  efficiency  and  subsequent  drug  efficacy 
from  these  devices  probably  depends  on  the  mode 
of  inhalation  adopted,'"*""  but  this  has  not  been 
investigated  at  all  for  most  models.  Tidal  breathing 
of  single  doses  is  a  satisfactory  mode  of  inhalation 
for  the  Nebuhaler,!""  m^i  200  ;/g  of  albuterol  inhaled 
from  an  Aerochamber  by  four  tidal  breaths  was  as 
effective  as  2.5  mg  of  nebulized  albuterol. '^- 
Nebuhaler  retains  an  efficacy  even  with  delay  times 
as  long  as  30  seconds  between  firing  the  dose  and 
commencing  inhalation.''"  It  would,  however,  be 
wrong  to  extrapolate  these  findings  automatically 
to  other  models:  more  studies  that  explore  precisely 
how  to  use  various  spacers  are  required. 
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For  coinenicnce.  the  inhalation  of  multiple  doses 
in  a  single  breath  from  spacers  has  been  ad\ocated. 
although  drug  delivery  to  the  lungs  will  be  less 
than  that  from  the  same  number  of  single  doses 
inhaled  as  one  dose  per  breath. ^^  Clark  et  al""  found 
that  firing  two  doses  of  cromolyn  sodium,  followed 
immediately  by  two  doses  of  albuterol,  into 
InspirEase  and  Aerochamber  resulted  in  the  loss 
of  about  two  thirds  of  the  cromolyn  sodium  available 
from  the  mouthpiece,  compared  to  that  available 
from  two  doses  of  cromolyn  sodium  alone.  On  the 
basis  of  their  study,  multiple  dosing  from  spacer 
devices  cannot  be  recommended. 

Some  spacers  are  fitted  with  adapters  that  can 
physically  accommodate  any  brand  of  MDl.  while 
others  can  take  only  specific  actuators  and  canisters. 
From  the  point  of  view  of  spra\  kinetics,  the  extent 
to  which  any  MDI  can  be  coupled  to  any  spacer 
is  unknown;  some  MDI-spacer  combinations  might 
result  in  unacceptably  low  drug  delivery  because 
of  high  droplet  impaction  on  chamber  walls.  There 
is  also  a  shortage  of  data  on  deposition  from  spacers 
equipped  w  ith  face  masks. 

More  comparative  clinical  studies  of  different 
spacers  are  required:  studies  of  inhaled  corticos- 
teroids delivered  from  spacer  devices  have  also  been 
inadequate. 

Dry  Powder  Inhalers 

Powder  Inhalers  vs  Pressurized  MDIs 

Powder  inhalers  share  many  of  the  practical 
advantages  of  pressurized  MDIs.  being  quick  to  use. 
small,  and  portable.  They  do  not  use  CFCs,  and 
because  they  are  breath-actuated  they  are  easier  to 
use  than  pressurized  devices.  Powder  inhalers  are 
more  effective  than  MDIs  in  patients  with  poor  MDI 
technique. '"- 

Single-dose  models  such  as  Rotahalcr  (for 
albuterol  and  beclomelhasone  dipropionate)  and 
Spinhaler  (for  cromolyn  sodium)  contain  the  drug 
in  gelatine  capsules,  which  must  be  loaded 
individually  into  the  device  before  use  (Fig.  .^)."" 
This  serious  practical  disadvantage  has  been 
overcome  to  var_  ing  degrees  in  two  new  multidose 
powder  inhalers,  the  8-do,se  Diskhalcr  (tor  albuterol 
and  for  beclomethasone  dipropionate)  and  the  200- 
dose  Turbuhalcr  (for  Icrbutalinc  sulphate  and  for 


budesonide).  For  day-to-day  maintenance  therapy 
of  asthma,  multidose  powder  inhalers  have  proved 
efficacious,  easy  to  use.  and  popular  amongst 
patients  when  compared  with  both  pressurized 
JVIDII04106  and  single-dose  powder  dev  ices.'""  They 
could  thus  play  a  major  role  in  future  asthma  therapy, 
if  we  bear  in  mind  the  difficulties  that  many  patients 
experience  in  using  pressurized  MDIs.  and  the 
uncertain  future  of  MDK  in  the  light  of  the 
proscription  of  CFCs. 

SPINHALER 

ROTOR 


ROTAHALER 

— r- 


Fig.  3.  Two  commercially  available  single-dose  dry- 
powder  inhalers.  (Reprinted,  with  permission,  from 
Reference  103.) 

In  order  to  till  the  inhaler  and  to  overcome 
cohesiv  e  forces  betw  een  drug  particles  and  the  w  alls 
of  the  dev  ice.  there  are  currcntlv  twn  formulations 
of  powder  inhaler.  Micronized  drug  powder  is  either 
spheronized  into  visible  agglomerates  or  is  mixed 
with  a  coarse  lactose  carrier.  From  the  patient's 
pt)int  of  view,  the  presence  of  a  carrier  has  both 
advantages  and  disadvantages.  The  deposition  of 
large  amounts  oi'  earner  on  the  back  o\  the  throat 
may  cause  irritation,  although  the  patient  may  at 
the  same  time  feel  reassured  that  a  dose  has  been 
delivered.  It  should  be  borne  in  mind,  however, 
that  simplv  feeling  a  dose  on  the  back  of  the  throat 
is  no  guarantee  that  any  of  it  has  been  inhaled. 

Some  drug  substances  delivered  by  powder 
inhaler  are  water  soluble,  and  humidity  may  affect 
the  performance  of  powder  inhalers  to  a  greater 
extent  than   it  affects  the  performance  of  MDIs. 
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Information  is  lacking  on  the  efficacy  of  powder 
inhalers  in  severe  and  life-threatening  episodes  of 
asthma,  and  existing  models  prt)hably  cannot  be 
effectively  incorporated  into  ventilator  circuits. 

Deposition  Efficiency  and  Inhalation  Modes 

The  deposition  efficiency  of  both  single-dose""^ 
and  multidose  powder  inhalers'"''""  is  comparable 
to  that  of  a  pressurized  MDI.  although  the 
fractionation  of  the  dose  between  amounts  delivered 
to  the  lungs  and  oropharynx  and  the  amount  retained 
in  the  device  varies  according  to  t\pe  of  inhaler. 
As  with  the  pressurized  MDI.  the  majority  of  the 
dose  is  deposited  in  the  oropharynx  because  it  is 
contained  in  particles  s?  5  //m  in  diameter — too  large 
for  inhalation.  Powder  inhalers  and  pressurized 
MDIs  have  a  similar  efficacy,  although  for  Rotahaler 
the  standard  doses  of  bronchodilator  and  cortico- 
steroid are  twice  those  of  the  MDI.  and  in  the 
Spinhaler  a  rather  high  dose  of  cromolyn  sodium 
(20  mg)  is  used,  apparently  in  order  to  extend  the 
duration  of  drug  action. 

The  eftlciency  of  powder  inhalers  is  optimised  by 
rapid  inhalation.'"  "-  which  causes  the  drug  particles 

Table  5.  Practical  Features  of  Aerosol  Delivery  Devices 


or  dmg-lactose  agglomerates  to  de-aggregate  in  a 
turbulent  airstream.  thus  ensuring  an  adequate  yield 
of  respirable  particles.  All  cuiTcntly  available  de\ices 
(1990)  behave  in  this  manner,  and  for  each  device 
a  minimum  inspiratory  flowrate  must  be  maintained 
for  full  drug  efficacy.  For  Turbuhaler.  this  'critical" 
tlowrate  appears  to  be  approximatelv  .^0  L/min:  this 
tlou  can  be  attained  by  \  irtually  any  adult  asthmatic"-^ 
and  \:rtuall>  all  children  >  6  years  of  age.  although 
many  young  children  (<  6  years  of  age)  with  acute 
wheezing  may  be  less  successful  in  reaching  this 
tlowrate."-  The  addition  of  head-tilting,  breath- 
holding,  and  preliminary  exhalation  to  residual  \  olume 
does  not  augment  the  therapeutic  effect  of  rapid 
inhalation  from  Turbuhaler  in  children:"-'  hence,  a 
simple  inhalation  technique  is  possible.  v\hich 
encourages  compliance. 

Concluding  Remarks 

In  order  to  be  effective,  aerosol  inhalers  must  deliver 
an  adequate  quantity  of  diaig  to  the  lower  respiratory 
tract.  All  devices  deliver  a  broadly  similar  small 
percentage  of  the  dose  to  the  lungs,  and  with  correct 


Feature 

Nebuliser 

MDI  alone 

Spacer 

Powder  Inhaler 

Quiet,  to  use'.' 

No 

Yes 

Yes 

Yes 

Cheap? 

No 

Yes 

Yes 

Yes* 

Compact? 

No 

Yes 

No 

Yes 

Electricity-free? 

No 

Yes 

Yes 

Yes 

Portable? 

No 

Yes 

(Yes)t 

Yes 

Multidose? 

No 

Yes 

Yes 

Some  models 

Hard  to  contaminate'^ 

No 

Yes 

Yes 

Yes 

Additive-free? 

Maybe 

No 

No 

Maybe 

CFC-free? 

Yes 

No 

No 

Yes 

Easy  inhalation  technique? 

Yes 

No 

(Yes) 

(Yes) 

Suitable  for  very  young? 

Yes 

No 

Yes 

No 

Large  doses  convenient? 

Yes 

No 

Yes 

No 

"OK"  in  acute  severe  asthma? 

Yes 

77 

Yes 

77 

"OK"  in  \cnlikilor  circuits? 

Yes 

77 

Yes 

No 

Unusual  drugs  possible? 

Yes 

No 

No 

No 

Low  mouth  deposition? 

Yes 

No 

Yes 

No 

*But  costs  more  than  MDL 

t(Yes)  indicates  limitations. 
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use  this  percentage  is  on  average  greater  for  pressurized 
MDIs  and  tor  pouder  devices  than  for  nebuUsers. 
At  least  for  inhaled  bronchodilatt)rs,  it  does  not  seem 
critical  to  deliver  the  drug  directly  to  peripheral 
airways,  perhaps  because  some  redistribution  within 
the  lungs  occurs  in  local  circulation."^  Specialized 
nebuliscrs  giving  a  \er\  low  but  highly  selective 
deposition  in  the  aKcoli  nia\  he  appropriate  for 
targeting  the  lung  parenchyma.  Drug  delivery  from 
MDIs  and  spacers  probably  depends  more  upon  the 
mode  of  inhalation  than  upon  the  type  of  apparatus 
used,  while  for  nebulisers  the  reverse  is  the  case.  There 
is  wide  intersubject  \anabilit\  in  deposition,  which 
makes  it  impossible  to  predict  the  lung  dose  that  any 
individual  will  receive. 

Table  5  lists  some  desirable  practical  features  of 
inhalation  devices,  showing  whether  viirious  types  of 
inhalation  devices  possess  these  features.  A  number 
of  general  conclusions  can  be  drawn  from  the  table: 
( I )  pressurized  MDIs  and  povv  der  inhalers  ha\  e  a  range 
of  positive  features  that  are  nn)stlv  different  from  those 
possessed  by  nebulisers:  MDIs  and  powder  inhalers 
on  the  one-hand,  and  nebulisers  on  the  other,  thus 
represent  opposite  ends  of  the  spectrum  of  inhalation 
therapv.  MDIs  (providing  they  are  equipped  with 
'ozone-friendly"  propellants)  and  powder  inhalers  are 
likely  to  remain  the  devices  of  choice  for  day-to-day 
maintenance  therapy  of  asthma,  and  multidose  powder 
inhalers  mav  be  used  increasinglv .  There  is  a  definite 
role  for  breath-actuated  pressurized  devices.  Nebul- 
isers fulfill  other  roles  (for  instance,  the  treatment  of 
severe  disease,  therapv  in  circumstances  in  w  hich  other 
devices  are  inappropriate,  and  delivery  of  unusual  drug 
substances).  (2)  Spacer  devices  coupled  to  an  MDI 
have  manv  of  the  positive  features  of  the  standard 
MDI.  but  also  fulfill  some  of  the  roles  of  nebulisers. 
including  deliver}  of  bronchodilators  in  severe  acute 
asthma  and  incorporation  into  ventilator  circuits;  these 
versatile  devices  mav  be  undenated.  {?<)  Perhaps  the 
most  imponanl  conclusion  is  that  there  is  no  such 
thing  as  a  perfect  inhalation  dev  ice.  and  we  need  to 
utilize  a  full  range  of  inhalation  technology  if  aerosol 
therapy  is  to  fulfill  its  huge  potential. 

F'RODrCTSOlKCKS 

Acrochamber.  MdiwylKiii  Medical  ('dtp.  I'l.illshiirgh  NY 
AcioVciil.  Moruighaii  Medical  Corp.  I^latlshuriih  NY 
Aulohalcr.  .^M  Health  Care.  Si  Paul  MN 
Twiii-Jel  nehuliscr.  Piirilaii-Benncll  Coqi.  Lenexa  KS 


Brethancer,  Ciba-Geigy  Corp.  Summit  NJ 

Cadema  nehuliscr.  Cadema  Medical  Prixiucls  Inc.  Middlelown 

NY 
Cirrus  nehuliscr.  Iniersurgical  Ltd.  Twickenham,  tingland 
CR  60  compressor.  Medic-Aid  Lid.  Chichester.  England 
DeViibiss  646  nebuliser.  DeVilbiss  International.  Somerset  PA 
Diskhaler.  Glaxo/.AIIen  and  Hanhurvs.  Research  Triangle  Park 

NC 
GentleHaier.  Schering-Plough  Corp.  Kenilworth  NJ 
InspirEase,  Schering-Plough  Corp.  Kenilworth  NJ 
Maxi  III  compressor.  Medix.  Lutterworth.  England 
Mizer  storage  device.  Medic-.^id  Ltd.  Chichester.  England 
Nehuhaler.  Astra  Phaniiaceuticals.  Lund.  Sweden 
Respirgard  II  nebuliser.  Marquest  Medical  Products.  Englewood 

CO 
Rondo.  Leiras  Pharmaceuticals.  Turku.  Finland 
Rotahaler.  Glaxo/Allen  and  Hanhurvs.  Rese;irch  Tnangle  Park 

NC 
SPAG-2  Colli.son  nebuliser.  Viratek  Inc.  Costa  Mesa  CA 
Spinhaler.  Fisons  Pharmaceuticals.  Rochester  NY 
Turhuhaler.  .'\stra  Phaniiaceuticals.  Lund.  Sweden 
Turret  nebuliser.  Medic-Aid  Ltd.  Chichester.  England 
Ultravenl  nebuliser.  Mallinckrtxit.  Si  Louis  MO 
Volumatic.  Glaxo/Allen  and  Hanhurxs.  Research  Tnangle  Park 

NC 
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The  Interface  between  Patient  and 
Aerosol  Generator 

RoIkti  M  Kacniaifk  I'lil)  RRT  and  Diaii  I  less  MEd  RRT 
Introduction 


Hisloricallv,  aerosol  ilicrap\  has  been  delivered 
primarily  by  small  volume  ncbuli/er  (SVN)  (Fig. 
I ).  However,  recent  data  impis  that  the  metered 
dose  inhaler  (MDI)  (Fig.  2)  is  at  least  equivalent  to 
SVN  in  most  clinical  settings  and  is  being  used 
more  frequcntl\  in  both  spontaneously  breathing 
and  mechanicall)  \cntilalccl  patients.  In  addition, 
the  use  of  the  dr\  powder  nihaler  (DPI)  (Fig.  3)  is 
increasing  in  the  United  States  and  has  become 
commonplace  in  man\  European  countries  for  ad- 
ministration ol'  aerosols  to  spontaneously  breathing 
patients. 


Fig.  2.  Metered  dose  inhaler. 

We  review  and  compare  the  efficacy  of  various 
methods  of  aerosol  delivery,  and  discuss  and  de- 
scribe protocols  for  the  interface  of  patients  with 

these  Lleli\ei\  s\ stems. 


! 


Fig.  1.  Small  volume  nebulizer. 


Dr  Kaciiiarek  is  Assislani  Professor.  Dcparimenl  of  An- 
csllicsiolngy,  Harvaixl  Mcilical  .Scliool.  and  l^iiector.  Res- 
piialor\  Care.  MassailiusL'ils  ('ri.-ni.Tal  Hospital — Boston.  Mas- 
saeluisclts.  Mr  Hess  is  Assislani  Director  of  Research.  York 
Hospital,  and  Instructor.  School  of  Respiiatoi y  Therap>.  York 
Hospital  and  ^oik  Collciie  ol  Peiinss  hania.  Wnk.  Pcnn- 
s\  Kaiiia. 

.A  \cisuin  ol  ihi--  paper  was  presented  h\  Di  K.iemarek  at  the 
(onsensns  C'onleience  on  .Aerosol  Delivery,  sponsored  hy  the 
American  Association  for  Respiratory  ("are.  the  American  Res- 
piratory Care  l-oiindation.  and  ihe  jonrnal  Ri.spik,\I<)KY  CarI;. 
.I,imiai\   10-12.  I')')l .  in  C.iiKun.  .Mexico. 

Reprints:  Roherl  M  Kacniarek  PhD  RRT.  Respiratory  Care.  El- 
lison 4.   Massacliiiselts  (iencral  Ihispital.  Boston  M.A  021  14. 


Fig.  3.  Single-dose  dry  powder  inhalers:  Rotahaler  (right) 
and  Spinhaler  (left). 
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Aerosol  Therapy  during  Spontaneous 
Breathing 

Small  Volume  Nebulizers 

Factors  Affecting  Efficacy 

The  efficacy  of  SVN  in  spontaneously  breathing 
patients  is  influenced  by  many  factors:  solution 
volume^'  nebulizer  flowrate,--^-  intermittent  vs 
continuous  nebuli/ation.''^  nebulizer  design.-^ "  and 
temperature  and  humidity  of  dri\  ing  and  entrained 
gas.'""  However,  even  under  optimal  conditions. 
only  about  8-12%  (Fig.  4)  of  the  drug  is  deposited 
in  the  lower  respiratory  tract.'- '' 


66% 


exhaled 


ipparatus 


mouth  &> 
stomach 

lungs 


ZJ^ 


io\ 


80% 


^K 


84% 


nebullser 


(a)  (b) 

metered  dose  aerosols 


Fig.  4.  Fractional  deposition  of  aerosol  from  jet  nebulizer 
(left),  compared  to  fractional  deposition  from  an  MDI  (two 
columns  on  right),  (a)  '"'Tc-labeled  Teflon  particles  from 
Newman  et  al''-"  and  (b)  -"Br-labeled  ipratropium  bromide 
from  Spiro  et  al."  (Reprinted,  with  permission,  from  Ref- 
erence 13.) 


Dead  \'olume.  Regardless  of  nebulizer  design, 
some  of  the  solution  (dead  volume)  remains  in  the 
nebulizer  after  completion  of  a  treatment.  De- 
pending on  the  design  of  the  SVN  .selected,  the 
dead  volume  varies  from  about  0.5  to  1.0  mL,'"*'^ 
and  represents  the  solution  adhering  to  the  walls, 
cap.  and  system  connections  to  the  patient  (ie.  cor- 
rugated tubing,  mouthpiece,  and  mask).  Tapping 
the  sides  of  the  nebulizer  during  therapy  causes 
droplets  of  solution  adhering  to  the  walls  of  the 
nebulizer  to  coalesce  and  be  renebulized,  and  thus 


maintains  dead  \olume  at  a  minimum.  To  ensure 
minimum  dead  volume  and  maximum  aero- 
solization  of  the  solution,  nebulization  with  re- 
petitive tapping  of  the  nebulizer  should  continue 
until  no  aerosol  is  produced  by  the  nebulizer  or  the 
nebulizer  is  'dry.' 

The  quantity  of  the  medication  remaining  in  so- 
lution in  the  dead  volume  is  dependent  on  the  total 
\olume  of  solution:'  '  the  nebulizer  flowrater'*''' 
and  the  temperature  and  humidity  of  the  solution, 
driving  gas,  and  entrained  gas.'""  Hess  et  air  in  a 
bench  study,  demonstrated  that  the  volume  of  drug 
aerosolized  increased  with  increasing  diluent  vol- 
ume and  nebulizer  tlowrate  (Fig.  5).  The  maximum 
volume  of  drug  deli\ery  occurred  at  a  total  solution 
volume  of  about  4  niL  and  a  nebulizer  flow  of  6-8 
L/min.  Similar  results  were  reported  by  Clay  et  al,' 
Wood  et  al.'  Clay  et  al,^  and  Douglas  et  al.^  Clay  et 
al^  also  demonstrated  that  the  mass  median  aero- 
dynamic diameter  (MM AD)  of  aerosol  particles 
from  four  nebulizers  (Fig.  6)  decreased  as  flowrate 
increased  from  4  to  8  L/min.  Howe\er,  Hadfield  et 
al,'^  in  10  stable  asthmatic  patients,  noted  no  differ- 
ence in  physiologic  response  between  a  total  solu- 
tion volume  of  2  and  4  niL  nebulized  at  flowrates 
of  4,  6,  and  8  L/min.  Kradjan  and  Lakshmina- 
rayan*"  found  a  .solution  volume  of  2.0-2.5  mL  op- 
timal, although  they  only  examined  volumes  up  to 
^.0  mL.  In  spite  of  this  controversy,  we  believe  suf- 
ficient data  exist  to  recommend  the  use  of  a  total 
solution  volume  of  4  mL  at  a  nebulizer  flowrate  of 
6-8  L/min. 


%  Nebulized 


3  mL  4  mL 

Diluent  Volume 


Fig.  5.  Effects  of  flow  and  diluent  volume  on  nebulizer 
dead  volume.  U  =  6  L/min  flow:  A  =  8  Umin.  (Repnnted. 
with  permission,  from  Reference  2.). 
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Fig.  6.  Effect  of  varying  the  flowrate  of  compressed  air 
used  to  drive  nebulizers  on  the  mass  median  aero- 
dynamic diameter  of  aerosol  generated.  The  points 
shown  represent  pooled  data  tor  concentration  and  neb- 
ullzation  times  and  are  the  means  and  standard  errors  of 
five  nebulizers  of  each  type  listed  on  figure.  (Adapted, 
with  permission,  from  Reference  4.) 

Temperature  and  Humidity.  Temperature  and  hu- 
midity ol  the  nebuhzed  solution  and  of  driving  and 
entrained  gas  affect  the  size  of  particles  delivered 
hy  SVNs  and  the  eoncenlration  of  (he  drug  in  the 
dead  volume."'"  Evaporation  of  water  and  adiabat- 
ic  expansion  of  the  driving  gas' '"^  reduce  the  tem- 
perature of  aerosol  solutions  to  about  8-12°F  below 
tiiat  of  the  en\  ironmcnt."  The  evaporation  of  water 


also  increases  the  concentration  of  the  drug  in  the 
solution  in  the  nebulizer.  Because  gas  temperature 
increases  as  the  aerosol  is  warmed  to  room  tem- 
perature, particle  size  of  the  aerosol  is  reduced. 
Therefore,  although  impractical  clinically,  neb- 
ulizer solutions  should  be  maintained  at  a  tem- 
perature between  that  of  the  ambient  en\  ironment 
and  body  temperature,  and  the  gas  entrained  should 
be  saturated  with  water  vapor  at  room  temperature 
to  stabilize  particle  size.  From  a  practical  per- 
spective, a  mechanical  compressor  (compressing 
room  air)  is  preferable  to  cylinder  gas  because  of 
w  ater  vapor  content.  Temperature  change  in  the  so- 
lution can  be  minimized  by  holding  the  SVN  firmly 
in  the  closed  hand. 

Technique  and  Ventilatory  Pattern.  .Aerosol 
from  SVNs  should  be  inhaled  \  ia  the  mouth,  rather 
than  the  nose,  to  minimize  deposition  of  the  drug  in 
the  nose  and  nasopharyn.x'''  (Table  I ).  Upper- 
airway  deposition  is  increased  with  nasal  breathing 
because  of  the  tortuous  route  the  aerosol  must  fol- 
k)w  and  the  high  resistance  to  gas  How .-"  Howe\  er. 
when  patients  with  face  masks  inspire  through  the 
mouth,  no  difference  in  response  between  mask 
and  mouthpiece  aerosol  deli\ery  has  been  dem- 
onstrated.-' --  In  fact,  many  patients  prefer  delivery 

Table  1.     Techniiiue  for  Use  of  a  Small  Vdliinie  Nebulizer 
(SVN) 

Place  dnig  in  nebulizer. 

Dilute  with  physiologic  saline  (0.9'7r)  to  4  niL  total  \olunie. 

Incorporate  a  finger  port  into  the  driving  gas  .system  lo  \vo\  ule 
intermittent  nebulization  during  inspiration  onl\. 

Set  driving  gas  flow  at  6-8  17min. 

Connect  patient  to  SVN  \ia  a  mouthpiece  or  mask  (m  some 
patients  a  nose  clip  ma_\  be  necessary). 

Instruct  patient  to  inspire  through  open  mouth  if  using  a  mask 
or  to  close  lips  aroinul  mouthpiece. 

Grasp    nehuli/er    chamber    firml\     in    hand    to    maintain 
temperature  during  treatment. 

Ila\c  patient  inhale  slow!)  (0.5  L/s)  at  normal  tidal  \olume. 

ll.i\e  patient  occasionall\  inspire  to  total  lung  capacilv  and 
incorporate  a  4-10  second  breath4iold. 

Tap  sides  ol  nehuli/er  lo  mmimi/e  dcatl  \(ilume. 

Continue  treatment  until  no  aerosol  is  produced. 

Monitor  patient  for  presence  of  side  effects  (eg.  tachycardia  or 
tremor)  and  benel"icial  effects  (eg.  improved  breath  sounds, 
peak  tlovv.  and  FEV,). 
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via  face  mask,  and  the  use  of  a  face  mask  may  im- 
prove compliance. 

Intermittent  activation  of  SVN  versus  continu- 
ous administration  has  also  been  evaluated.''-'  Both 
Kradjan  and  Lakshminarayan"  and  Hughes  et  al"-^ 
found  greater  amounts  of  drug  delivered  to  lung 
models  with  intermittent  (inspnation  only)  activa- 
tion of  the  SVN  because  all  of  the  solution  neb- 
ulized during  expiration  is  lost  to  the  environment 
(Fig.  7).  However,  intermittent  nebulization  greatly 
prolongs  the  treatment  and  affects  compliance  in 
the  less-than-enthusiastic  patient.  As  a  result,  even 
though  intermittent  nebulization  is  preferable  for 
optimal  deposition,  continuous  aerosolization  may 
be  necessary  from  a  practical  perspective  to  ensure 
compliance.  The  actual  protocol  used  must  be  in- 
di\idualized. 


Fig.  7.  Small  volume  nebulizer  with  finger  port  adapter  to 
allow  for  intermittent  nebulization.  Flow  to  nebulizer  con- 
trolled by  patient  occlusion  of  finger  port. 

Ventilatory  pattern  does  influence  deposition  of 
nebulized  aerosols  in  the  lower  respiratory  tract.-^  -'^ 
Although  some  controversy  exists  over  the  ideal 
ventilatory  pattern,  a  slow  inspiratory  flov\  10.5  L/ 


mm)- 


at  tidal  volume,  with  an  occasional   in- 


spiration to  total  lung  capacity  (TLCj  and  an  in- 
spirators hold,  is  recommended."^ 

Metered  Dose  Inhalers  without  Spacing  Devices 

MDIs  are  available  for  the  administration  of 
bronchodilators.  anticholinergics,  and  steroids,  and 
have  compared  favorably  with  SVNs  in  a  number 
of  recent  studies.-'  ''  As  with  SVNs.  approximately 
9-11%  of  the  drug  deposits  in  the  lower  respirator) 
tj.3(,f.M.35  (pjg  4H)  However,  grossly  different  from 
SVN  (29r).  about  809;^  of  the  drug  from  an  MDl  is 
deposited   in   the    mouth    and   stomach. '^'^   With 


SVN,  most  of  the  large  aerosol  particles  impact  in 
the  nebulizer  and  mouthpiece  or  mask  because  of 
the  low  velocity  at  which  the  aerosol  moves.  Thus, 
most  of  the  drug  is  deposited  in  the  apparatus 
(bb'yr):  whereas  with  MDIs.  little  is  deposited  in 
the  apparatus  (5-10'^f )  because  of  the  very  high  ve- 
locity of  the  MDI  flow.  As  a  result,  side  effects 
may  be  higher,  especially  with  steroids,  when 
MDIs  without  spacers  are  used. 

Table  2  details  a  number  of  randomized,  cross- 
over studies  demonstrating  no  significant  differ- 
ence in  response  between  MDI  without  a  spacer 
and  SVN  for  various  drugs  in  both  asthmatic  and 
COPD  patients.  However,  it  must  be  emphasized 
that  in  all  of  these  studies  each  participant  was  ca- 
pable of  properly  using  the  MDI.  Proper  use  of  an 
MDI  without  a  spacer  in  the  young  and  elderly  is 
difficult,  and  it  is  probably  this  improper  use  that 
frequently  results  in  unfavorable  outcome. 

Factors  Affecting  Efficacy 

Much  controversy  exists  over  the  technique  that 
should  be  followed  when  an  MDI  is  used.  Differ- 
ences of  opinion  exist  over  the  lung  volume  at 
which  the  MDI  should  be  actuated, '''"'"  the  position 
of  the  MDI  in  relationship  to  the  mouth  during  ac- 
tuation.''""*- the  length  of  a  post-inhalation  breath- 
hold."-'"-*-  and  the  inspiratory  flowrate.'*"-'"-''-'-'' 

Lung  Volume  at  Actuation.  Concern  regarding 
the  lung  volume  at  which  the  MDI  should  be  actu- 
ated is  based  on  the  perceived  need  for  peripheral 
distribution  of  the  drug.  Some  have  noted  increased 
efficacy   when   actuation   occurs   early   in   an   in- 


spiratory  capacity   maneuver 


.^6.411 


whereas   others 


have  demonstrated  maximum  effect  when  actuation 
occurs  at  80%  of  vital  capacity  (VC).  Newman  et 
al''''  noted  large  increases  in  forced  expiratory  vol- 
ume in  the  first  second  (FEV,),  peak  expiratory 
flowrate  (PEFR).  maximum  midexpiratory  flowrate 
(MMEF).  and  instantaneous  forced  expiratory  flow 
when  the  lung  is  at  50%  of  total  lung  capacity 
(TLC)  (Vmax507,)  (p  <  0.01)  in  12  asthmatic  patients 
when  actuation  occurred  at  20%  of  VC  as  com- 
pared to  80%  of  VC.  However.  Riley  et  al''**  dem- 
onstrated improved  FEV,  (p  <  0.05)  when  actuation 
occurred  at  80%  VC  as  opposed  to  20%  VC.  but  no 
difference    was    noted    in    specific    airway    con- 
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Table  2.  Studies  Comparing  Patient  Response  to  Broncliodilator  via  Small  Volume  Nebulizer  vs  Metered  Dose  Inhaler  without  Spacer 


Investigators 


Studv  Desian 


Patient 
Condition  (n) 


Drug 


Evaluation 


Resuhs 


Study 
Period 


Mestitz  et  al-^ 


Jenkins  et  al-' 


Cissik  et  al- 


Randoni.  double-blind, 

placebo-controlled. 

crossover 

Random,  double-blind, 
crossover 


Random,  double-blind. 

placebo-controlled. 

crossover 


Shim  &  Williams"  Random,  double-blind, 

crossover 


Gomm  et  al 


Random,  crossover 


Christensson  et  al"  Random,  crossover 


Asthma  (9) 


C0PD(I9) 


Asthma  (10) 


Gunawardena  et  al"'        Random,  double-blind.       COPD(32) 
placebo-controlled, 
crossover 


Terbutaline 


Salbutaniol 


Isoetharine 

isoproterenol. 

metaproterenol. 

albuterol. 

terbutaline 

Ipratropium 
bromide 


Asthma  (8l  Ipratropium 

Bronchitis  (2)      bromide 


Asthma  (20) 


Salbutaniol 


Spirometry.  6-min 
walk,  symptom 
scores 

PEFR.  spirometry, 
symptom  score. 
extra  beta-agonist 
use.  exercise 
tolerance 

Spirometry.  PEFR 


Spirometry,  PEFR 


Asthma(l3)         Metaproterenol        FVC.  FEV, 
COPD(l2)  sulfate 


PEFR,  spirometry, 

sGaw 

Spirometry.  MVV. 
single-breath  N: 


NS*  4-weeks 


NS  8-weeks 


NS  2-weeks 


NS 


NS 


NS 


NS 


4-weeks 

2-days 
2  days 
2  days 


*NS  =  not  significant. 


ductance  (.Sc,a%v)  and  Xn^so'-,  between  the  two  tech- 
niques. Those  favoring  actuation  at  higher  volumes 
believe  a  more  uniform  peripheral  distribution  oc- 
curs at  80%  VC  than  at  20%  VC,  whereas  pro- 
ponents of  early  actuation  believe  centra!  airway 
deposition  of  the  drug  is  enhanced  with  early  actua- 
tion. Recent  work  by  Dolovich  et  81"*°  and  Newman 
et  al"  sugge.sts  thai  the  specific  lung  volume  at 
which  actuation  takes  place  is  unimportant,  pro- 
vided a  slow  maximal  inspiration  with  a  breath- 
hold  is  performed.  We  agree  with  these  authors,  be- 
cause it  is  difficult  to  instruct  patients  to  precisely 
control  tlic  lung  volume  at  which  they  actuate  the 
MDI.  As  noted  in  Table  3.  actuation  should  occur 
near  the  beginning  of  a  complete  slow  inhalation 
from  functional  residual  capacity  (FRC). 


Table  3.  Technique  for  Use  of  an  MDI  without  Spacer 

Warm  MDI  to  body  temperature. 

Assemble  apparatus. 

Shake  canister  vigorously. 

Hold  canister  upright. 

Open  inouth. 

Place  aerosol  at  mouth  opening. 

Begin  to  inspire  slowly  at  inspiratory  Hows  <  0.5  L/min. 

.■Xctuate  MDI. 

Continue  to  inspire  to  total  lung  capacity. 

Hold  breath  for  4-10  seconds. 

Wait  3-10  minutes  between  actuations. 

Rinse  nunilh  and  phar\n\  if  inhaling  steroids. 

Monitor  patient  for  presence  of  side  effects  (eg,  tachycardia  or 
tremor)  and  beneficial  effects  (eg,  improved  breath  sounds, 
peak  flow,  and  FEV| ). 
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Inspiratory  Flow.  Inspiratory  flow  during  MDI 
use  also  contI•ibutc^  to  efficacy  of  therapy.  New- 
man et  al"  demonstrated  in  8  patients  with  re- 
versible airway  disease  that  a  slow  inspiration  (25 
L/min)  improved  FEV,  to  a  significantly  greater 
extent  than  80  L/min  inspiratory  flow  (Fig.  8). 
Ho\ve\er,  Williams""  noted  no  difference  in  re- 
sponse to  MDI  inhalation  between  inspiratory 
flows  of  30  L/min  and  120  L/min  if  a  breath-hold 
occurred  after  inspiration.  Data  from  Dolo\ich  et 
al.*'  Lawford  and  McKenzie/-  Grainger/'  and 
Woolf*"*  support  that  of  Newman  et  al.''  suggesting 
that  a  slow  inspiration  maximizes  the  effect  of 
MDI.  The  slow  inspiration  encourages  laminar 
flow  and  deeper  penetration  of  the  aerosol  before 
deposition. 


O    ZSImin"' 


Fig.  8.  Percentage  increases  in  FEV,.  plotted  against 
time  following  controlled  inhalation  of  500  ug  terbutaline 
at  25  and  80  Umin  peak  inspiratory  flow.  Each  patient 
performed  3  studies  at  25  Umin  and  6  studies  at  80  U 
min  at  various  lung  volumes  and  breath-holding  pauses. 
(Reprinted,  with  permission,  from  Reference  37.) 

Breath-Hold.  After  a  complete  inspiration,  a 
breath-hold  of  4-10  seconds  should  be  encouraged. 
Data  from  both  Dolovich  et  al^"  and  Newman  et 
al'  indicate  a  lO-second  hold  is  necessary.  How- 
ever, Lawford  and  McKenzie^-  (Fig.  9)  in  a  pla- 
cebo-controlled, crossover  study  of  1  1  patients 
with  airtlow  obstruction  noted  no  differences  be- 


tween a  4-  and  10-second  hold.  It  would  seem  log- 
ical that  the  longer  the  breath-hold,  the  greater  the 
distribution  and  deposition  of  the  inhaled  drug. 
Howeser.  we  believe  that  few  patients  with  moder- 
ate-to-se\ere  airflow  obstruction  are  capable  of  a 
10-second  breath-hold  after  a  slow  ma.ximum  in- 
spiration. 


40  r 


20     - 


10 


10  •- 


fenoterol,  10  sees 
fenoterol,    4  sees 


placebo.  10  sees 
placebo,    4  sees 


10 


30 
Minutes 


60 


Fig.  9.  Mean  percent  change  in  FtV  at  10,  30,  and  60 
minutes  after  400  ug  fenoterol  hydrobromide  inhalation 
by  MDI  or  placebo  with  breath-holding  times  of  4  and  10 
seconds.  (Reprinted,  with  permission,  from  Reference 
42.) 

MDI  Position.  The  position  of  the  MDI  in  re- 
lationship to  the  patient's  mouth  has  been  studied 
by  a  number  of  groups.  Dolovich  et  al.""'  in  a  study 
of  12  normal  subjects,  demonstrated  that  posi- 
tioning the  MDI  4  cm  from  the  wide-open  mouth 
resulted  in  the  greatest  percent  deposition  of  the 
drug  in  the  lung  periphery.  Hov\ever.  Lawford  and 
McKenzie"*-  noted  no  differences  (Fig.  10)  in  16 
asthmatics 

40 


with   chronic   airflow   limitation    with 


30 


_20 

> 


ss  10 


-10  •- 


fenoterol,  open 
fenoterol,  closed 


placebo,  closed 
placebo,  open 


J- 


10 


60 


30 
Minutes 

Fig.  10.  Mean  percent  change  in  FEV,  at  10,  30,  and  60 
min  after  400  ug  fenoterol  hydrobromide  inhalation  by 
MDI  or  placebo  via  closed-  or  open-mouth  technique. 
(Reprinted,  with  permission,  from  Reference  42.) 
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placement  of  the  MDI  between  the  lips  versus  3  cm 
from  the  open  mouth.  Others''"'""  have  also  rec- 
ommended MDI  placement  between  the  patient's 
lips.  Based  on  the  information  currently  available 
(1991),  it  is  difficult  to  conclude  which  is  the  prop- 
er placement  of  the  MDI.  Inspiration  with  the  MDI 
at  a  4-cm  distance  from  an  open  mouth  may  reduce 
potential  side  effects  by  decreasing  oral  deposition 
of  large  particles.  However,  it  is  difficult  at  best  to 
consistently  ensure  that  patients  place  the  MDI  in 
this  position.  In  young  and  elderly  patient  groups, 
this  position  frequently  results  in  the  aerosol  miss- 
ing the  mouth.  As  a  result,  we  recommend  place- 
ment of  the  aerosol  at  the  entrance  of  the  open 
mouth  and  not  at  a  4-cm  distance  from  the  mouth. 
In  patients  having  difficulty  with  this  position,  clo- 
sure of  their  lips  around  the  MDI  mouthpiece  is  en- 
courased. 


Subject  Instruction.  As  seen  in  Table  2,  no  differ- 
ence in  response  from  MDI  and  SVN  has  been 
demonstrated  when  MDI  is  properly  administered. 
When  one  considers  the  detailed  procedure  re- 
quired for  proper  administration  of  MDI  (Table  3), 
it  is  not  surprising  that  a  number  of  authors  have 
documented  improper  use  of  MDI.'*'*"^'^  This,  we  be- 
lieve, is  the  primary  reason  for  the  varied  response 
to  MDI  noted  by  the  medical  community.  The  need 
for  careful  detailed  instruction  to  both  patients  and 
caregivers  is  essential  if  proper  u.se  of  MDI  is  to  be 
assured.''"-'^-'"''  The  problems  with  technique  are 
most  pronounced  with  the  young  and  the  eld- 
g|.|y  .w.M)  ^i^j  require  detailed  individualized  per- 
formance-ba.sed  education"'-'^  "'''■^'  if  proper  use  is  to 
be  assured.  However,  it  should  be  emphasized  that 
many  patients  may  require  a  spacing  device  to  en- 
sure maximum  benefit  from  an  MDI. 


Temperature.  Temperature  of  the  MDI  prior  to  ac- 
tuation also  appears  to  affect  percent  deposition. 
Recently.  Wilson  et  al'*'^  compared  particle  size  pro- 
duced and  percent  lower  airway  deposition  in  a 
lung  model  as  temperature  of  the  MDI  varied  be- 
tween 0°C  and  42°C.  Their  data  indicated  greater 
deposition  (17.4%^  at  4°C  and  32.2%  at  37°C)  and 
smaller  MMAD  (3.65  ^m  at  0°C  and  2.50  jMr\  at 
37°C)  if  MDI  canisters  were  warmed  to  37°C  be- 
fore actuation.  Prewamiing  of  the  MDI,  particular- 
ly in  winter,  should  be  encouraged.  Patients  should 
be  instructed  to  carry  the  MDI  close  to  the  body  to 
maintain  temperature  or  to  prewarm  by  rolling  the 
canister  between  their  hands  before  actuation.  The 
maintenance  of  the  higher  canister  temperature  in- 
creases canister  vapor  pressure,  and  results  in 
smaller  aero.sol  particle  size.^'' 

Timing  of  Actuations.  Timing  of  sequential  actua- 
tions enhances  efficacy  of  the  aerosol.  Both  Heimer 
et  al^^  and  Pedersen^^  noted  greater  bronchodilator 
response  when  individual  actuations  were  separ- 
ated by  a  period  of  time;  they  believed  that  the  in- 
creased response  resulted  from  the  bronchodilating 
effect  of  the  initial  actuation's  improving  dis- 
tribution of  subsequent  actuations.  We  recommend 
a  3-  to  lO-minute  period  between  actuations,  al- 
though in  many  patients  a  more  practical  interval  is 
1  minute. 


Metered  Dose  Inhalers  witli  Spacing  Devices 

Advantages 

Spacing  devices  (also  called  auxiliary  or  ac- 
cessory devices)  are  extensions  to  the  MDI  de- 
signed ( 1 )  to  eliminate  the  need  for  hand-breath  co- 
ordination, and  (2)  to  greatly  reduce  the  deposition 
of  large  aerosol  particles  in  the  upper  airway."' '''' 
These  two  effects  of  spacers  eliminate  the  primary 
problems  noted  with  MDI  v\hen  compared  to  SVN. 
As  already  discussed,  improper  use  of  MDI  is  com- 
mon, and  a  high  percentage  of  the  inhaled  MDI- 
aerosol  deposits  in  the  oropharynx.'""^  increasing 
systemic  absorption  and  local  side  effects  (oral 
thrush  and  suppression  of  adrenocortical  activity 
with  steroids).'''  Numerous  studies'"''^  ''  have  dem- 
onstrated reduced  oropharyngeal  deposition  with 
spacers.  Kim  et  al*''  evaluated  oropharyngeal  and 
lung  deposition  with  four  spacing  devices  (Fig.  1 1) 
in  a  lung  model  at  two  inspiratory  tlowrates  (0.33 
and  0.83  L/s).  Oropharyngeal  deposition  ranging 
from  33-7  l^r  with  MDI  alone  was  reduced  to  <  6% 
with  all  spacers.  In  addition,  spacing  devices  in- 
creased lung  deposition  by  as  much  as  3S9r.  al- 
though the  aerosol  deli\ery  with  the  smaller  spac- 
ers (open  lube  and  Acrochamber)  was  comparable 
to  that  obtained  without  the  spacer.  Corr  et  al."" 
also  utilizing  a  lung  model,  determined  the  optimal 
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spacer  to  ho  I  I  cm  in  length  by  3.5  cm  in  diameter. 
With  this  spacer.  Corr  et  al''*'  noted  stable  particles 
of  about  2.8  /an  or  smaller  remained  in  suspension 
to  be  delivered  to  the  lung.  They  suggested  a  two- 
stage  process  for  the  function  of  spacers:  ( 1 )  impac- 
tion of  large  particles  on  the  walls  of  the  spacer  and 
(2)  evaporation's  reducing  particle  size  during  res- 
idence in  the  space.  Findings  similar  to  those  of 
Kim  et  al"^  and  Corr  et  al'*  have  been  demonstrated 
by  Newman  et  al."''''^"'  In  these  studies,  the  use  of 
a  spacer  reduced  oropharyngeal  deposition  as  much 


> 


(b) 


D 


(c) 


as  809f  when  compared  with  the  MDI  alone.  In  ad- 
dition, these  authors  demonstrated  higher  deposi- 
tion of  the  aerosol  on  the  conducting  airways  when 
a  spacer  was  used  (1 1.2  ±  1.3%  MDI  vs  14. X  ± 
1.4%  with  spacer;'"*  8.7  ±  1.8%  MDI  vs  20.9  ± 
1.6%  MDI  with  spacer^').  Enhancement  of  spacer 
function  with  one-way  valves  has  been  noted  by 
some  authors''**"  because  the  one-way  valve  in- 
creases the  deposition  of  large  particles  in  the  spac- 
er. 

Tables  4  and  5  list  studies  comparing  the  ef- 
ficacy of  MDI  with  spacers  to  MDI  alone-"''^-'**'  and 
SVN.^-'^'  As  noted,  MDI  with  spacer  performs  at 
least  as  well  as  MDI  alone'*''"-*"  or  SVN'= "'  and 
outperform  MDI  when  MDI  technique  is  incorrect. 
MDI  with  spacer  has  also  demonstrated  equiv- 
alence to  SVN  in  the  emergency  room**-**^****  and 
during  acute  hospitalization. '*-■'*■*■'*'* 

Technique 

The  technique  for  the  use  of  an  MDI  with  a 
spacer  (Table  6)  is  essentially  the  same  as  with  an 
MDI  alone  except  that  ( 1 )  after  warming,  shaking, 
and  assembling  the  apparatus  and  positioning  it  for 
use,  the  MDI  is  actuated,  after  which  inspiration 
begins:  and  (2)  because  inspiration  should  continue 
to  TLC  and  because  spacer  volume  is  relatively 
small  (normally  less  than  800  mL),  a  tight  lip  seal 
about  the  spacer  is  relaxed  as  inspiration  continues, 
allowing  for  the  inspiration  of  room  air.  As  a  result, 
a  second  inspiration  from  the  spacer  is  rec- 
ommended with  some  units  (InspirEase)  after  an 
appropriate  breath-hold.  This  assures  that  all  of  the 
aerosol  from  a  single  actuation  is  inspired.  With 
other  units  (Aerochamber)  this  is  not  recom- 
mended. As  with  MDI  alone,  inspiration  should  be 
slow  (<  0.3  L/s)  and  complete,  beginning  at  FRC 
and  continuing  to  TLC. 

Metered  Dose  Inhalers  versus 
Small  Volume  Nebulizers 


Fig.  11.  Schematics  of  MDI  spacer  systems:  (a)  actuator 
alone,  (b)  open-end  straight  tube,  (c)  Aerochamber.  (d) 
Nebuhaler  and  (e)  InspirEase.  (Reprinted,  with  per- 
mission, from  Reference  65.) 


Costs 

In  general,  it  is  less  expensive  to  use  MDIs,  even 
with  a  spacer,  than  to  use  SVN.'*-*''''"  This  is  true 
whether  patients  are  breathing  spontaneously  or  are 
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Tabic  4.  Studies 

Comparin 

g  Patient  Response  to 

Bronchodilator 

via 

Metered  Dose 

Inhaler  to  Re 

^ponse 

via 

Inhaler  w 

th 

Spacer 

Investigator 

Study  Design 

Patient 

Condition  (nl 

Drug 

Evaluation 

Results 

Study 
Period 

Fairshter^ 


Random,  crossover        Normal  (12)         Metaproterenol      PEF 


MDI-spacer  >  MDI      2  days 


Crimi  et  aF' 


Lee  &  Evans'-" 


Random,  crossover.        Asthma  (13) 
double-blind 


O'Reilly  etal" 
Fuller'" 

Morris  et  aF' 
Pauwels  et  aF* 

Epstein  et  al™ 

Dolovich  et  aH" 


Random, 
double-blind 


Asthma  (20) 


Random,  crossover  Asthma  (20) 

Random,  crossover  Asthma  (24) 

Random,  crossover  Asthma  (8) 

Random,  crossover  Asthma  (II) 


Random.  Asthma  (13) 

placebo-controlled. 

crossover 

Random,  crossover         Asthma  (9) 
doublc-blmd 


Fuglsang  &  Pedersen*'    Random.  Asthmii  i  1.^) 

placebo-conlrolled. 
crossover 

Tobinetal'*'  Random,  single-blind.    Asthma 

crossover  COPD(IO) 


Albuterol 


Albuterol 


FEVi 


FVC.  FEV, 


Terbutaline 

PEE.  FEV, 

Terhulaline 

Spirometry. 

PEER 

Terbutaline 

FVC.  FEV, 

Terhutalmc 

FEV|.sG,„. 

PEFR.  MEF75 

FEF75,ij59i; 

Fenoterol 

FEV,.  FVC. 

PEFR 

Fenoterol 

Spirometry, 

PEFR 

Terbutaline 

FEV, 

MDI-spacer  >  MDI      4  days 

If  MDI  technique         4  days 
correct.  MDI-spacer 
=  MDI:  when  MDI 
technique  poor,  FEV, 
with  MDI-spacer  > 
MDI 

MDI-spacer  >  MDI      2  weeks 

NS  2  weeks 

MDI-spacer  >  MDI      2  days 
MDI-spacer  >  MDI      2  tiays 


NS 


NS 


NS 


4  days 


2  days 


4  days 


Metaproterenol       FEV,,  FVC,         MDI-spacer  >  MDI      2  days 
sGj„ 


being  mechanically  ventilated.  Jasper  et  al^'  dein- 
onstrated  a  $253,487  saving.s  per  year  by  using 
MDI  with  spacers  in  all  non-ICU  patients.  In  their 
analysis,  they  considered  the  cost  ot"  instruction  in 
the  use  ot  an  MDI  to  be  .S5.94.  based  on  a  single  in- 
teraction. This  is  a  relatively  optimistic  projection: 
however,  even  if  the  instructional  cost  were  tripled, 
the  cost  saving  would  still  be  great  ($20.5.769). 
Similar  but  more  conservative  cost  savings  were 
projected  on  a  per  week  basis  ($.3.1.35)  by  Summer 
et  al.^"*  in  Summer  et  ai's  analysis,  a  daily  charge  of 
$13.30  for  instruction   was   included.   Hess''-  de- 


scribes miicli  loucr  sa\ings  ($2.30  per  trcalnient) 
when  MDI  is  used  on  mechanically  ventilated  pa- 
tients. The  major  factor  affecting  cost  savings  in 
mechanically  \entilated  patients  is  the  extra  labor 
required  for  MDI  administration  during  mechanical 
ventilation. 

When  To  Use  an  MDI,  Spacer,  or  SVN 

When  efficacy,  simplicity,  and  cost  are  con- 
sidered, it  is  difficult  to  argue  against  the  use  of 
MDI  in  spontaneously  breathing  patients.  However, 
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Table  5.  Studies  (.'omparutg  Palieiil  Response  to  Broneliodilalcir  \  la  Small  Volimie  Nehuli/er  \s  Metered  Dose  Inhaler  wall  Spacer 


Investigators 

Study  Design 

Patient 
Ciindition  (n) 

Drug 

Evaluation 

Results 

Study  Period 
/Comment 

Salzman  et  al'^^ 

Random, 

double-blind. 

placebo-controlled 

Asthma  (44) 

Metaproterenol 

FVC,  FEV, 

NS* 

Acute  severe 
exacerbation 

Jasper  et  al*" 

Random,  stratified 
to  disease 

.XsthmayCOPD 

Metaproterenol 

FVC.  FEV, 

NS 

Equal  acute 
hospital 

lengths  of  stay 

Sunmier  et  al'*^ 

Random 

AsthnWCOPD 

(36) 

Metaproterenol 

FVC.  FEV, 

NS 

Equal  acute 
hospital 
lengths  of  stay 

Berrv  et  al'*' 

Random. 

dotible-blind. 

placebo-controlled 

COPD(2l)) 

Albuterol 

FVC,  FEV, . 
Borg  score 

NS 

Acute 
hospitalization 

Turner  et  al  ^'' 

Random. 

Asthma/COPD 

Terbutaline 

FEVi, 

NS 

Acute  severe 

double-blind. 

(75) 

Borg  score 

exacerbation 

placebo-controlled 

Green  &  Jackson^" 

Random 

COPD  (60) 

Terbutaline 

PEFR 

NS 

Acute 
exacerbation 

Gervais  &  Begin'*'* 

Random,  crossover 

Asthma  ( 10) 

Salbiilaniol 

FEVi.  FVC 

NS 

2  days 

Berenberg  et  al'*'' 

Random 

Bronchodilalor 
ordered  (  lOOl 

Metaproterenol 

FEVi.  FVC. 

NS 

Hospitalized 
for  various 
reasons 

Pederson  & 

Random,  crossover 

Asthma  (13) 

Terbutaline 

Flow-volume 

NS 

8  days 

Bundgaard**" 

loops.  FEV, 

Cushley  et  al"i 

Random. 

placebo-controlled. 

crossover 

Normal  (8) 
Asthma  (8) 

Terbutaline 

sG,..  FEV, 

MDl-spacer 
>SVN 
for  sGaw.  = 
for  FEV, 

4  days 

*NS  =  not  significant. 

careful  analysi.s  of  each  patient's  ability  must  be 
made  before  specific  (decisions  on  de\  ice  are  made. 
Many  patients  do  not  use  an  MDl  properly  in  spite 
of  detailed  instruction  and  careful  supervision.'*'-^'* 
As  a  result,  an  MDI  alone  should  be  used  only 
when  proper  technique  is  completely  assured.  Be- 
cause most  hospitalized  patients  are  anxious  and 
experiencing  some  physiologic  stress,  we  rec- 
ommend the  use  of  a  spacer  unless  they  are  ex- 
perienced in  the  use  of  an  MDI.  A  spacer  should  al- 


ways be  used  when  steroids  are  being  delivered. 

This  information  on  MDIs  leads  one  to  question 
whether  there  is  ever  a  role  for  SVN  in  spontane- 
ously breathing  patients,  particularly  because 
masks  can  be  adapted  to  spacers  for  use  in  infants, 
children,  and  uncooperative  adults.  However,  be- 
fore attempts  are  made  to  totally  eliminate  SVN 
use  in  this  setting,  consider  the  inability  of  a  dis- 
tressed, uncooperative,  or  claustrophobic  asthmatic 
or  COPD  patient  to  follow  the  ideal  breathing  pat- 
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Table  6.  Technique  for  Use  of  Metered  Dose  Inhiilcr  (MDIl 
with  Spacer 

Warm  MDl  to  body  lempcraliirc. 

Shake  canister  vigorously. 

Hold  canister  upright. 

Actuate  MDl. 

Place  iiidulhpiece  in  nioulh. 

Close  lips  about  mouthpiece. 

Inspire  slowly  (<  0.5  L/s)  from  spacer. 

Continue  to  inspire  to  total  lung  capacity. 

Hold  breath  4-10  seconds. 

Repeat  inspiration  with  breath-hold  if  indicated  by  spacer 
manufacturer. 

Wait  3-10  minutes  between  subsequent  actuations. 

Monitor  patient  for  presence  of  side  effects  (eg.  tachycardia  or 
tremor)  and  beneficial  effects  (eg.  impnned  breath  sounds, 
peak  tlow.  and  FEVi). 

tern  outlined  in  Table  6  when  an  MDl  with  spacer 
and  mask  is  held  In  his  or  her  face.  Because  of  the 
ventilatory  pattern  established  by  patients  in  stich  set- 
tings, optima!  MDl  therapy  may  be  impossible.  Slow 
inspiration  from  FRC  to  TLC  with  a  4-  to  10-second 
end-inspiratory  hold  does  not  occur.  Thus,  we  would 
not  discard  the  SVN  but  use  it  in  those  patients  un- 
able to  achie\e  a  \entiiatory  pattern  resembling  the 
ideal  for  use  of  MDl  with  spacer  (Table  7). 

Table  7.  Patient  Characteristics  That  May  Make  Use  of  a 
Small  Volume  Nebulizer  Preferable  to  Metered 
Dose  Inhaler  with  Spacer 

Confused,  disoriented 

E.xtremely  fatigued 

Unable  to  master  or  tolerate  MDl  with  spacer  use.  even  with 
face  mask 

Experiencing  severe,  acute  asthma. 

Intermittent  Positive-Pressure  Breathing 

Intermittent  positive-pressure  breathing  (IPPB) 
can  be  used  as  a  technique  for  the  administration  of 
aerosolized  pharmacologic  agents.  However,  ev- 
idence suggests  that  IPPB  is  no  more  effective  than 
SVN  or  MDl  for  the  administration  of  pharm- 
acologic agents  to  stable  patients  with  asthma  or 
COPD.''"'^''"''^  The  most  con\incing  data  are  from 


the  Intermittent  Positive  Pressure  Breathing  Trial 
Group  multicenter  study.'*'  In  that  study,  985  pa- 
tients were  randomly  assigned  to  SVN  or  IPPB 
with  SVN  and  followed  for  an  average  of  33 
months.  No  differences  were  noted  in  survival, 
FEV,,  forced  vital  capacity  (FVC),  FRC,  Po:.  or 
Pco:  between  the  two  groups.  We  must  concur  with 
the  findings  of  these  studies  and  the  recommenda- 
tions of  others'"* '*''  that  IPPB  has  no  ad\antage  over 
SVN  or  MDl  for  the  administration  of  phar- 
macologic agents  in  patients  v\ith  stable  lung  dis- 
ease. 

The  data  on  the  efficacy  of  IPPB  during  acute 
asthmatic  attacks  or  acute  exacerbation  of  COPD  is 
somewhat  more  controversial,  although  some  au- 
thors have  demonstrated  enhanced  response  with 
IPPB.""""-  Howe\er.  the  dosage  of  the  pharm- 
acologic agent  was  5()-fold  higher  w  ith  IPPB  com- 
pared to  MDl  in  one  of  these  studies.'"-  Our  own 
clinical  experience  has  been  negative  regarding  en- 
hanced efficacy  of  drug  delivery  with  IPPB  in 
acute  settings.  The  level  of  distress  of  the  paiiciu 
and  the  inability  of  available  IPPB  machines  to 
meet  the  ventilatory  demands  of  many  patients 
have  resulted  in  futile  attempts  to  use  IPPB.  Thus, 
although  the  data  are  controversial,  from  a  practical 
perspective  we  do  not  recommend  the  use  of  IPPB 
as  a  means  of  delivering  aerosolized  medication  in 
any  setting.  However.  IPPB  may  in  some  patients 
be  indicated  for  reasons  other  than  aerosol  ad- 
ministration, which  is  beyond  the  scope  of  this  re- 
view. 

Dry  Powder  Inhalers 

The  use  of  DPI  for  the  delivery  of  aerosolized 
pharmacologic  agents  is  less  common  in  the  United 
States  than  MDl  or  SVN,  although  it  has  become 
commonplace  for  the  delivery  of  certain  agents  in 
Europe.  The  DPI  most  frequently  used  in  the  Unit- 
ed States  is  the  Spinhaler""  for  the  administration 
of  cromol\ii  sodiimi.  altlu>tigh  the  availability  of 
cromolyn  sodium  in  a  liquid  solution  and  MDl  has 
prt)babl>  lessened  the  use  of  the  poudered  form. 
The  Spinhaler'"'  and  the  Rotahaler,'"'  used  for  the 
administration  of  albuterol  and  beclomethasone  di- 
propionate.  arc  single-dose  devices.  A  multidose 
DPI.  the  Tinbiihaler.  is  presently  available  in  Eu- 
rope for  the  administration  of  terbutaline  sulfate.'"'' 
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Advantages 

The  principal  advantages  of  DPI  are  ( 1 1  they  are 
breath-activated  and  require  less  patient  eo- 
drdinatiiMi  for  proper  use.  and  (2l  the\  do  not  re- 
quire the  use  of  Ereon  as  a  propellant.  with  its  as- 
sociated environmental  problems  (see  paper  by 
Balmes  in  this  issue""').  The  principal  dis- 
advantage of  the  single-dose  devices  is  that  they 
must  be  loaded  with  a  capsule  prior  to  each  use. 
This  is  considered  cumbersome  and  difficult  to  co- 
ordinate by  some  patients  during  acute  exacerba- 
tions. In  addition,  with  the  Rotahaler.  care  must  be 
taken  not  to  tilt  the  device  after  the  capsule  is  load- 
ed and  opened,  to  prevent  loss  of  the  drug."" 

In  contrast  to  SVN  or  MDl.  inhalation  of  a  DPI 
should  be  as  rapid  as  possible."'^  "'''  becau.se  it  is 
the  inspiratory  flow  of  the  patient  that  creates  the 
aerosol  and  moves  the  drug  into  the  lung.  How- 
ever, efficacy  has  been  demonstrated  in  patients 
unable  to  inspire  rapidly.""""  Because  the  dry 
powder  dissolves  as  it  comes  into  contact  with  the 
mucosa,      breath-holding      is      generally      unne- 


cessary 


107,1(W 


although  Auty  et  al  "'  (in  a  group  of 


6  normal  volunteers  and  20  patients)  noted  an  in- 
creased effect  from  sodium  cromoglycate  when  a 
lO-second  breath-hold  was  included  in  the  ad- 
ministration protocol.  As  with  MDI.  inhalation 
should  be  from  FRC  to  TEC  (Table  8).   When 

Table  8.  Technique  for  Use  with  a  Dry  Powder  Inhaler 

Assemble  apparatus. 

Open  capsule  (technique  specific  lor  each  device). 

Exhale  normally  to  functional  residual  capacity. 

Place  inhaler  mouthpiece  in  mouth. 

Seal  lips  around  mouthpiece. 

Inhale  rapidly  (>  60  L/min)  through  device,  breath-hold 

unnecessary. 
Repeat  process  until  capsule  is  empty. 
Rinse  mouth  after  inhalation  if  medication  is  a  steroid. 
Monitor  patient  for  presence  of  side  effects  (eg.  tachycardia  or 

tremor)  and  beneficial  effects  (eg.  improved  breath  sounds. 

peak  flow,  and  FEV|). 

these  protocols  are  followed,  the  percentage  of  the 
drug  inhaled  that  deposits  on  the  respiratory  tract 
is  about  l.^^f,""  similar  to  that  deposited  with 
MDI  or  SVN. 

Efficacy 

Dry    powder    inhalers    compare    favorably    to 
SVN'"'"'"-  and  MDI"""''-'  (Table  9).  In  com- 


parisons with  asthmatic  and  COPD  patients,  es- 
sentially ec|ui\alent  responses  have  been  noted. 
The  results  of  the  most  detailed  of  these  studies  is 
depicted  in  Fig.  12."'  This  study  was  a  ran- 
domized, double-blind,  placebo-controlled  evalua- 
tion of  2.^1  patients  with  asthma/COPD  receiving 
albuterol,  either  by  DPI  or  MDI,  No  differences  in 
FEV|,  peak  expiratory  How  (PFIF),  or  assessment 
of  clinical  efficacy  were  noted  o\er  a  12-week  pe- 
riod. 

Of  the  13  studies  reviewed  in  Table  9.  in  only 
one"-  did  SVN  therapy  produce  results  greater 
than  DPI — a  study  performed  in  children,  in  whom 
the  question  of  proper  technique  must  be  con- 
sidered. However,  Muittari  and  Ahonen'-"  noted  a 
greater  improvement  in  PEF  in  a  group  of  asthmat- 
ic patients  receiving  salbutamol  via  DPI  compared 
to  MDI.  In  addition,  the  use  of  dry  powder  aerosols 
of  salbutamol  and  terbutaline  in  high  doses  have 
been  reported,'--  '-''  and  albuterol  as  dry  powder 
has  also  been  shown  to  block  exercise-induced 
bronchospasm.'-* 

From  data  available,  it  appears  that  the  DPI  is  as 
effective  as  the  MDI  and  SVN  in  most  clinical  set- 
tings and  may  be  used  interchangeably.  The  pri- 
mary limiting  factor  preventing  more  widespread 
use  of  DPI  is  its  availability.  Only  terbutaline,  sal- 
butamol, beclomethasone  dipropionate,  and  crom- 
olyn sodium  are  available  in  powder  form.  Second- 
ly, all  delivery  devices  incoiporate  single-use 
capsules,  except  the  Turbuhaler,  for  administration 
of  terbutaline.  This  device  (Fig.  13)  contains  200 
doses  ready  to  inhale.  In  addition,  the  potential  for 
side  effects  with  steroids  must  be  considered,  be- 
cause the  required  high  inspiratory  flows  may  in- 
crease oropharyngeal  deposition  of  large  particles. 
The  only  situations  in  which  we  would  not  rec- 
ommend a  dry  powder  are  those  in  which  we  be- 
lieve an  SVN  (Table  7)  is  superior  to  a  DPI  be- 
cause of  absence  of  patient  cooperation.  Table  10 
contrasts  the  advantages  and  disadvantages  of 
SVN,  MDI,  and  DPI.  As  the  result  of  increasing 
worldwide  concern  over  the  use  of  Freon  and  the 
worldwide  ban  on  its  use  in  the  Year  2000,  it  seems 
reasonable  to  predict  that  DPI  will  become  more 
common  and  available  for  the  delivery  of  a  greater 
variety  of  drugs,  unless  suitable  alternatives  to  Fre- 
on become  readily  available.  Guidance  on  the  se- 
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Tabled.     Studies  Comparing  Palieni  Response  to  Bronchodiiator  via  Dry  Powder  Inhaler  (DPI)  \s  Metered  Dose  Inhaler  (MDI). 
Small  Volume  Nebulizer  (SVNi.  or  Tablets  (T) 


Investigators 


Study  Technique 

Desipn 


Patient 
Condition  (n) 


Drus; 


Evaluation     Results    StudyPeriod 
/Comment 


Hansen  i'« 


Random, 
crossover 


Assoufi  &  Hodson'"        Random 


Grim  wood  et  al"- 


Random. 
crossover 


DPI  vs  SVN        Asthma/COPD     Terhutaiine 
(22) 

DPI  vs  SVN         Asthma/COPD       Salhulamol 
(18) 

DPI  vs  SVN        Asthma  (17)  Salbiitamol 

vs  T  children 


FEVi.  FVC        NS 


;  dav> 


Johnsen&  Weekeii'-        Random  DPI  vs  MDI         Asthma  (9)  Terbutaline 


FEVi.FVC.       NS  6  days.  3  doses 

PEER  compared 

PEFR                 SVN  >  ?•  days  over 

DPI  or  period 

T.  p<  12 -day 
0.01 

FEVi.FVC       NS  2  days, 

2-9  days 
apart 


PoN'eret  al"-* 


Random.  DPI  vs  MDI        Asthma  (42)         Salbutaniol 

double-blind, 
double- 
crossover, 
placebo- 
controlled 


Bronsky  etaPi'  Random.  DPI  vs  MDI         Asthma/COPD     Albuterol 


FEVi 


NS  3  days 


double-blind, 
placebo- 
controlled 


(231) 


FEVi.FVC.       NS 

FEF2.'i.75',; 


1 2  weeks 


Persson  et  al"^ 


Random.  DPI  vs  MDI         Asthma  (12)         Terbutaline 

crossover 


FEVi.FVC       NS  2  days,  at 

least  7  days 
apart 


Tukiainen  &  Terho""      Random, 
double- 
crossover 


Sovijarvi  et  al' 


Random 


DPI  vs  MDI         Asthma  (22)  Salbutaniol 


DPI  \s  MDI         Asthma  (24)         Salbutann 


PEFR 


NS  3  days 


FEVi.PEF.        NS 
FVC, 

FEF25-7,S'"r 


1  day. 

induced 

bronchospasm 


Edmunds  et  al"''  Random. 

tliiiiblc- 
blmd. 
crossover 

Swmburn  &  Sexton"^      Random, 
crossover 


DPI  vs  MDI         Asthma  (141 
children 


DPI  \s  MDI         Asthma  (12) 
vs  MDI-spacer 


Bcclomclhasoiic 
dipmpionate 


Salbiitamol 


Muittairi  <fc  Ahonen'-"     Crossover         DPI  \s  MDI         Asthma  (14)  Salbutaniol 


Smith  i*^  Gwynn'-'  Random, 

crossover 


DPI  vs  MDI         Asthma  (37)  Beclomethasone 

dipropionate 


PIT  R 


PEFR 


PEFR 


PEFR 


NS  2  months 


NS  24  days 

DPI  >      6  weeks 
MDI 

p  <  0.05 


NS 


S  weeks 


*NS  =  no  significant  ditference. 
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Fig.  12.  Comparison  of  effect  of  albuterol  administered 
by  tVlDI  or  DPI.  Week  0  percent-cfiange  from  baseline  In 
mean  FEV,  after  treatment  with:  albuterol  by  DPI  (n  = 
115)  or  MDI  (n  =  116).  Week  12  data  Identical  to  tfiat  ob- 
tained at  Week  0  after  treatment  witfi  albuterol  by  DPI  (n 
=  89)  or  MDI  (n  =  94).  No  differences  were  noted  be- 
tween thie  MDI  and  DPI.  (Reprinted,  witfi  permission, 
from  Reference  1 15.) 

lection  of  appropriate  aerosol  delivery  devices  is 
provided  in  Table  1  1 . 

Aerosol  Therapy  during  Mechanical 
Ventilation 

Aerosol  therapy  may  be  administered  during  me- 
chanical ventilation  by  either  SVN  or  MDI.  How- 
ever, no  descriptions  of  the  use  of  DPI  aerosols 
during  mechanical  ventilation  are  available  because 
DPIs  are  breath-activated  and  require  rapid  in- 
spiratory flows.  Assurance  of  predictable  drug  dos- 
ing during  inechanical  \entilation  is  more  limited 
than  during  spontaneous  breathing  because  of  loss 
of  aerosolized  drugs  in  ventilator  circuits  and  the 
presence  of  artificial  airways  that  act  as  barriers  to 
the  entrance  of  aerosols  into  the  lung. 


Mouthpiece 
with  insert 


Inhalation  channel 


One  metered  dose 

Drug  reservoir 
Rotating  dosing 


Air  inlet 


Turning  grip 


Fig.  13.  Turbuhaler  for  the  administration  of  terbutaline. 
This  device  contains  200  individual  doses  ready  to  in- 
hale. (Reprinted,  with  permission,  from  Reference  1 16.) 

Small  Volume  Nebulizers 

Factors  Affecting  Delivery  and  Deposition 

Aerosolization  of  pharmacologic  agents  through 
mechanical  ventilator  circuits  has  been  ther- 
apeutically employed  since  the  early  1960s. '~^'-* 
However,  only  recently  has  actual  data  on  drug  de- 
livery via  this  approach  become  available.  During 
spontaneous  inspiration  with  SVN  therapy,  about  8- 
12%  of  the  drug  placed  in  the  nebulizer  deposits  in 
the  respiratory  tract.'-  '"^  During  mechanical  ventila- 
tion, the  efficiency  of  aerosol  deposition  is  de- 
creased to  a  greater  extent  than  during  spontaneous 
breathing."'-^'"  Numerous  factors  contribute  to 
this    inefficiency,    including    endotracheal-tube 
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Table  10.  Adxariliiges  and  Disadvantages  of  ihe  Use  of  Small 
Volume  N'ebuli/ers  (SVNl.  Metered  Dose  Inhalers 
(MDl).  and  Drv  Powder  Inhalers  (DPI I 


Advantages 


Disadvantages 


SVN 

Less  patient  coordination 

required 
High  doses  possible 

(even  continuous) 
No  chlorofluorocarbon 

release 


MDI 

Convenient 
Inexpensive 


MDl  with  Auxiliary  Devi 

Less  patient  coordination 
required 


DPI 

Less  patient  coordination 

required 
Breath-hold  not  required 
No  chlorotluorocarbon 

release 
Breath-activated 


Lxpensive 
Wasteful 

Contamination  possible  if  not 
carcfullv  cleaned 
Not  all  medications  available 
Pressurized  gas  source  required 
More  time  required 


Patient  coordination  required 
Patient  activation  required 
Results  in  pharyngeal  deposition 
Has  potential  for  abuse 
Difficult  to  deliver  high  doses 
Not  all  medications  available 
Dependent  on  ozone-depleting 
chlorotluorocarbons 

e 
More  complex  process  for  patient 

who  can  use  MDI  alone 
More  expensive  than  MDI  alone 
Less  portable  than  MDI  alone 

Requires  high  inspirator)  flow 
Most  units  are  single  dose 
Can  result  in  pharyngeal 

deposition 
Cannot  be  used  with  intubated 

patients 
Not  all  medications  available 
Difficult  to  deliver  high  doses 


size,'''"  MMAD  of  aerosol  particles.'^"  continu- 
ous vs  intermittent  nebuiization,-^ '"'''-  and 
placement  of  the  nebulizer  in  the  \entiiator  cir- 
cuit.-' Maclntyre  et  al'-''  in  a  group  of  7  stable, 
adult,  mechanically  ventilated  patients  reported 
that  2.9  ±  0.79%  of  a  radioactively  tagged  aerosol 
was  deposited  in  the  lower  respiratory  tract.  Eraser 
et  al.'^'  using  a  lung  model  and  SVN  activation 
during  inspiration,  noted  that  only  4.8%  of  the  in- 
itial dose  was  available  for  deposition  in  the  large 
airways. 

Airway  Diameter.  Evaluation  of  aerosol  deposi- 
tion in  neonatal  and  pediatric  lung  models  has  dem- 
onstrated even  less  deposition  than  that  noted  uith 


adults.'-^'-'-^'''-''*  Cameron  et  al'""  noted  a  ma.ximum 
of  1.52%  of  the  generated  aerosol  deposited  in  a 
lung  model  used  to  evaluate  the  function  of  five 
SVNs  in  a  neonatal  ventilator  circuit.  The  model 
used  consisted  of  a  .V^-mm-lD  endotracheal  tube,  a 
filter  for  aerosol  particle  impaction,  and  a  rubber 
test  lung.  Throughout  the  evaluation,  all  nebulizers 
were  powered  by  6-8  L/min  oxygen  and  a  solution 
volume  of  4  niL  was  used,  with  the  test  lung  ven- 
tilated at  a  peak  airway  pressure  of  20  cm  H:0  with 
2  cm  H:0  PEEP,  an  I:E  of  1:1,  and  a  respiratory 
rate  of  .'^0/min.  Flavin  et  al"""  reported  similar  find- 
ings in  a  rabbit  model.  .All  rabbits  in  that  stud) 
were  intubated  with  a  3.0-mm-ID  endotracheal 
tube  and  ventilated  v\ith  a  Bourns  LS-104  ven- 
tilator. A  radioactive  aerosol  was  used  and  three 
nebulizers  were  evaluated.  A  maximum  of  1 .96  ± 
1.19%  of  the  aerosol  was  deposited  in  the  lower 
respiratory  tract  of  the  rabbits.  Cameron  et  al.'-''^ 
also  using  a  rabbit  model,  noted  2.8%  of  the  aero- 
sol produced  deposited  in  the  rabbit  lung  during 
conventional  time-cycled,  pressure-limited  ventila- 
tion (peak  pressure  .^0  cm  H;0.  PEEP  2  cm  H;0, 
rate  30/min.  I:E  1:1.  and  gas  flow  8  L/min  I.  Percent 
deposition  decreased  as  peak  airway  pressure,  tidal 
volume,  and  inspiratory  time  decreased. 

Endotracheal-Tube  Size.  The  effect  of  endotrach- 
eal-tube  si/e  on  percent  deposition  was  demonstrat- 
ed in  a  lung  model  b\  .Ahrens  et  al.''"  Using  0.1%^ 
uranine  as  a  tracer.  the>  demonstrated  a  decrease  in 
percent  deposition  as  endotracheal-tube  size  de- 
creased from  9-mm  to  6-mm  to  .^-iiim  ID.  They 
also  noted  enhanced  lung-model  deposition  as  the 
MMAD  of  the  aerosol  particles  was  reduced.  Maxi- 
mum deposition  beyond  the  tip  of  the  .^-mm-lD 
tube  was  noted  when  a  MMAD  o\'  0.54  /nil  was  de- 
livered. 

Nebulizer  Operation  and  Position.  Volume  of 
aeixisol  depiisited  in  the  lung  can  be  increased  by 

Table  1  1      Considerations  in  Choosing  a  Specific  .Aerosol 
Delivery  Device 

Primary  device  of  choice  is  metered  dose  inhaler  (MDl). 

If  patient  is  unable  to  use  MDI  properly,  use  MDI  with  spacer 

or  dry  powder  inhaler. 
If  very  high  doses  or  continuous  use  is  required  or  if  patient 

does  not  tolerate  MD!  with  spacer,  use  small  volume 

nebuli/er. 
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placeiiK-nl  o\  the  SVN  at  least  IS  inches  troni  the 
endotracheal  tube.-'  Hughes  and  Saez  evaluated  the 
amount  of  aerosol  presented  to  the  endotracheal 
tube  ol  a  lung  model  under  four  conditions:-"  (1) 
continuous  nebulization  at  the  patient  ^^  (2)  inter- 
mittent nebuli/ation  at  the  Y,  (3)  continuous  neb- 
ulization at  the  ventilator-circuit  manifold,  and  (4) 
intermittent  nebulization  at  the  \entilator-circuit 
manifold.  The  highest  percentage  of  aerosol  pre- 
sented to  the  endotracheal  tube  (68.3  ±  1.29^)  oc- 
curred during  intermittent  nebulization  at  the  man- 
ifold (Fig.  14).  whereas  the  lowest  percentage  (30  ± 
2.0%)  occurred  during  continuous  nebulization  at 
the  Y.  Others  have  also  recommended  intermittent 
nebulization.''-'''  whereas  Diihlback  et  al'"'  have 
recommended  nebulization  at  the  manifold  onl\ 
during  exhalation.  Because  61.0  ±  l.r)9r  of  the  aer- 
osol was  delivered  during  continuous  nebulization 
at  the  manifold  in  the  study  by  Hughes  and  Saez,-'' 
it  appears  that  nebulizer  location  is  the  most  critical 
variable,  with  intermittent  nehulizatiitn  ha\ing  a 
lesser  effect. 


Fig.  14.  Placement  of  an  SVN  at  the  manifold  of  a  ven- 
tilator circuit. 


Kfflcacy 

Maclntyre  et  al'-'^  questioned  the  efficacy  of 
SVN  therapy  administered  during  mechanical  ven- 
tilation because  of  the  presence  of  the  endotracheal 
tube  and  suboptimal  breathing  patterns  during  ther- 
apy. In  a  series  of  15  patients,  they  noted  no  change 
in  heart  rate,  peak  airway  pressure,  inspiratory  air- 
way resistance,  or  expiratory  flow  at  50%  of  vital 
capacity.  However,  Gay  et  al,"'  in  a  series  of  10 
dynamically  hyperinllated,  mechanically  ventilated 
patients,  noted  a  21-50%  increase  in  expiratory 
flow  at  a  respiratory  system  recoil  pressure  of  6  cm 
H:0,  a  mean  decrease  in  peak  airway  pressure  of 
4.7  cm  H:0.  and  mtrinsic  PEEP  of  2.4  cm  H:0.  and 
a  200-mL  reduction  in  end-expiratory  lung  volume. 
As  in  the  study  of  Maclntyre  et  al,'-*^  Gay  et  al'" 
used  a  standard  dose  of  metaproterenol  sulfate,  and 
attached  the  nebulizer  at  the  Y-piece  of  the  ven- 
tilator circuit.  In  spite  of  the  very  low  percentage  of 
SVN  aerosol  deposited  in  the  lower  respiratory 
tract  in  infants,  both  Brudno  et  al"^  and  Wilkie  and 
Bryan''"  noted  improvements  in  inspiratory  and  ex- 
piratory resistance,  compliance,  and  tidal  volume 
during  pressure-limited  \entilation  in  infants  v\ith 
bronchopulmonary  dysplasia.  Two  factors  are  ap- 
parent from  these  studies  and  the  data  on  deposi- 
tion of  aerosol  in  the  lung:  ( 1 )  dosage  of  drug  ad- 
ministered via  SVN  needs  to  be  increased  over 
standard  recommendations  if  the  same  quantity  of 
drug  is  to  reach  the  respiratory  tract  as  during  spon- 
taneous inhalation  without  an  artificial  airway,  and 
(2)  inspiratory  resistance  may  not  be  the  ideal  var- 
iable to  monitor  in  order  to  establish  response  to 
therapy  due  to  the  presence  of  an  artificial  airway. 
Peak  airway  pressure,  intrinsic  (auto)  PEEP  level, 
and  expiratory  flows  and  resistance  appear  to  pro- 
vide a  better  evaluation  of  efficacy. 

Technique 

In  spite  of  the  fact  that  little  specific  information 
is  available  regarding  the  optimal  technique  for  the 
use  of  SVN  via  ventilator  circuits,  the  data  from 
Hughes  and  Saez-'  and  the  information  presented 
earlier  on  SVN  technique  during  spontaneous 
breathing  (Table  1 )  allow  us  to  establish  guidelines 
for  the  use  of  SVNs  in  ventilator  circuits  (Table 
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12).  All  SVNs  should  be  placed  at  least  18  inches 
from  the  Y  (Fig.  14)  and  powered  intermittently 
through  the  ventilator  (if  possible).  The  volume  of 
solution  nebulized  should  be  4  niL:  and  if  powered 
by  a  gas  source  external  to  the  mechanical  ven- 
tilator, a  flow  of  6-8  L/min  should  be  used. 

Table  1 2.    Technique  tor  Use  of  Small  Volume  Nebulizer  dur- 
ing Mechanical  Ventilation 

Place  drug  in  nebulizer. 

Dilute  with  physiologic  saline  (().9'"'f )  to  4  niL  tiital  volume. 

Insert  nehuli/er  nito  inspnators  limb  ol  \entdator  circuit  at 
least  IS  inches  troni  '^'. 

Use  intermittent  nebulizer  How  trom  \entilator  it  available. 

It' continuous  flow  is  used,  set  at  6-8  L/min. 

.Set  ventilator  rate  at  4-8/min  or  higher  if  not  contraindicated. 

Set  tidal  volume  at  12  niL/kg  or  more  unless  contraindicated. 
If  PSV  rate  drops,  add  backup  SIMV  rale. 

With  children,  adjust  \entilator  How  to  assure  that  total  How  is 
unchanged  during  pressure-limited  ventilation. 

With  children  (and  some  adults),  readjust  tidal  volume  during 
continuous-flow  nebulization  to  maintain  constant  tidal  vol- 
ume and  peak  airway  pressure. 

Tap  sides  of  nebulizer  to  minimize  dead  \ olunie. 

Continue  treatment  until  no  aerosol  is  produced. 

Remove  equipment  from  \enlilator  circuit. 

Return  ventilator  to  pretreatmenl  settings. 

Monitor  patient  for  presence  of  side  effects  (eg,  tachycardia  or 
tremor)  and  beneficial  effects  (eg.  impro\ed  breath  sounds, 
peak  flow,  and  FEV| ). 

During  administration  of  SVN  to  spontaneously 
breathing  patients,  a  periodic  deep  breath  and  a 
breath-hold  are  recommended-''  (Table  1 ).  Al- 
though we  realize  that  this  may  be  impossible  for 
many  mechanically  assisted  patients,  it  is  encour- 
aged. In  order  to  maximize  distribution  and  es- 
tablish a  more  ideal  ventilatory  pattern  during  SVN 
treatments,  we  recommend  the  delivery  of  volume- 
limited  mechanical  breaths  at  a  rate  of  4-8/min  or 
more,  with  tidal  volumes  set  at  1 2  niL/kg  or  great- 
er, unless  contraindicated  in  a  given  patient.  Pa- 
tients on  CPAP  should  be  changed  to  synchronized 
intermittent  mandatory  ventilation  (SIMV)  or  as- 
sist/control (A/C)  during  therapy,  and  patients  re- 
ceiving pressure  support  ventilation  (PSV)  with  an 
SIMV  backup  rate  of  less  than  S/min  should  have 
the  PSV  triiiger-ratc  caicluih    moiiiioicd.  If  PSV 


rate  decreases,  a  backup  SIMV  rate  of  8/min 
should  be  set.  As  noted  by  Beaty  et  al.''*"  the  use  of 
continuous-nebulizer  flow  increases  the  pressure 
gradient  patients  must  overcome  to  trigger  pressure 
support  ventilation.  In  those  patients  with  marginal 
respiratory  efforts,  gross  h}po\enlilation  has  been 
noted. 

When  continuous  nebulization  is  used,  the  gas 
powering  the  nebulizer  increases  the  mechanically 
delivered  tidal  volume  and  peak  airway  pressure. 
This  is  normally  not  a  concern  in  most  adtilts.  hiii 
may  create  itiiportant  problems  in  children.  With 
children  (and  some  adults),  delivered  tidal  volume 
should  be  decreased  to  ensure  consistency  during 
aerosol  therapy.  During  continuous-flow  pressure- 
limited  ventilation  in  neonates  and  children,  the 
flow  from  the  ventilator  must  be  reduced  by  a  level 
equivalent  to  the  added  continuous-nebulizer  flow. 
If  this  adjustment  is  not  made,  peak  airway  pres- 
sure and  delivered  tidal  volume  may  increase. 

As  with  spontaneously  breathing  patients,  dead 
volume  should  be  minimized  by  tapping  the  sides 
of  the  SVN  to  allow  nebulization  of  solution  ad- 
hering to  the  walls  of  the  SVN.  Nebulization 
should  be  continued  until  no  aerosol  is  produced. 
Finally,  nebulizers  should  be  changed  daily  to  en- 
sure that  bacterial  contamination  of  the  airway  is 
minimized.'"" 

Metered  Dose  Inhalers 

Early  Applications 

MDls  have  been  used  to  administer  aerosolized 
medicatitin  during  anesthesia  since  the  1960s.''*-"'"'"' 
Most  of  these  early  reports  uere  simply  descrip- 
tions of  methodology.  However,  Fiesoli  et  al'^"*  de- 
scribed the  use  of  isoproterenol  in  eight  patients  re- 
quiring bronchodilatation  during  anesthesia.  They 
affixed  the  MDl  adapter  between  the  Y  of  the  an- 
esthesia circuit  and  the  endotracheal  tube,  and  ad- 
ministered the  MDI  during  a  mechanical  inspir- 
ation. As  many  as  eight  actuations  were  leqtnicd  to 
elicit  the  desired  response. 

In  197.'S,  Gold'"'-'^  reported  the  use  of  iso- 
proterenol in  12  intubated  and  anesthetized  patients 
with  bronchospasm.  Their  positioning  of  the  MDl 
was  the  same  as  Fresoli  et  al:'^^  however,  a  manual 
ventilator  was  used  dtiiiiii:  actuation.  After  \\\o  ac- 
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Illations,  peak  airway  pressure  decreased  from  43  ± 
2  turr  to  31  ±2  torr,  and  Pco:  decreased  from  60  ± 
6  torr  to  47  ±  4  torr.  Sprague'""'  reported  similar,  al- 
though less  dramatic  results,  with  an  isoetharine 
and  phenylephrine  mixture.  After  up  to  six  actua- 
tions from  the  MDI.  administered  with  an  end- 
inspiratory  hold  of  3  seconds,  a  mean  decrease  in 
peak  airw  ay  pressure  of  about  4  cm  H:0  was  ob- 
ser\ed,  with  individual  patients  demonstrating  a  6 
cm  H:0  drop.  Additional  anecdotal  reports  of  MDI 
u.se  in  anesthesia  have  been  provided  through  the 
1980s.'"''  '■'^'  In  spite  of  the  significant  attention 
MDIs  have  received  in  anesthesia  for  the  last  25 
years,  only  recently  has  interest  in  the  use  of  MDI 
during  mechanical  \entilation  peaked. 

.Airway  Deposition 

As  with  SVNs.  the  addition  of  an  artificial  airway 
decreases  the  quantity  of  MDI-delivered  drug  that  de- 
posits in  the  lower  respiratory  tract. ''^-'■'■'  As  noted 
earlier,  about  9-1  K/f '■*  "  of  the  drug  from  an  MDI  is 
deposited  in  the  lower  respiratory  tract  in  spontane- 
ously breathing  patients.  While  limited,''^-'""'  data 
available  on  deposition  beyond  the  distal  tip  of  the 
endotracheal  tube  indicate  (at  maximum)  about 
50%  less  deposition  than  during  spontaneous 
breathing,  or  4-6%  of  the  actuated  aerosol  exits  the 
endotracheal  tube. 

In  a  bench  study  on  the  effects  of  variation  in 
ventilatory  pattern  and  endotracheal-tube  size,  Hess 
et  al'"  noted  an  overall  3.3  ±  2.1%  of  the  aerosol 
deposited  in  a  filter  beyond  the  endotracheal  tube. 
An  average  of  89.2  ±  3.8%  of  the  aerosol  deposited 
on  the  endotracheal  tube,  and  7.4  ±  3.2%  deposited 
on  the  MDI  adapter.  No  differences  in  percentage 
of  deposition  were  noted  as  flowrate  (30  and  60  L/ 
min).  tidal  volume  (0.5  and  1.5  L),  or  endotracheal- 
tube  size  (7.0  and  9.0  mm)  changed.  However.  Cro- 
gan  and  Bishop.'^'  also  using  a  lung  model,  noted  a 
greater  percentage  of  the  aero.sol  exiting  the  endo- 
tracheal tube  as  size  increased  (3.0  ±  1.9%  for  a 
6.()-mm  tube,  and  6.5  ±  4.4%  for  a  9.()-mm  tube). 
They  also  noted  a  greater  quantity  of  aerosol  ex- 
iting the  endotracheal  tube  if  actuation  occurred 
just  after  the  start  of  a  mechanical  tidal-volume  de- 
livery than  if  actuation  began  before  onset  of  the 
mechanical  breath. 


In  a  randomized  comparison  of  SVN  and  MDI. 
Fuller  et  al''"*  demonstrated  5.65  ±  1.09%  of  the 
aerosol  delivered  by  MDI,  compared  to  1.22  ± 
0.35%  by  SVN  deposited  in  the  lower  respiratory 
tract.  In  this  study,  4  puffs  of  radiolabeled  fenoterol 
were  delivered,  with  actuations  spaced  5  minutes 
apart.  Fuller  et  al'^^  also  noted  no  statistically  sig- 
nificant differences  between  deposition  from  MDI 
with  endotracheal  tubes  (4.58  ±  3.03%)  or  trach- 
eostomy tubes  (6.69  ±  2.80%)  in  a  series  of  me- 
chanically \  entilated  patients. 

SVN  vs  MDI  p:fricacy 

Little  data  comparing  the  efficacy  of  SVN  and 
MDI  during  mechanical  ventilation  are  avail- 
gljlg  LSh-iw  Recently,  Gay  et  al'"^  demonstrated  no 
differences  between  the  administration  of  270  ;/g  (3 
puffs  via  MDI)  and  2.5  mg  in  a  3.5-mL-solution 
volume  (SVN)  of  albuterol.  Changes  in  passive  ex- 
piratory flow  at  respiratory  system  recoil  pressures 
of  6-10  cm  H:0  were  the  same  in  both  arms  of  this 
single-blind,  randomized  crossover  comparison. 
Similar  results  have  been  provided  in  abstracts  by 
Hess  et  al'"  and  Gutierrez  and  Nelson'"***  in  series 
of  mechanically  ventilated  patients,  whereas  Fer- 
nandez et  al'-'^''  noted  no  differences  between  the  ef- 
fects of  MDI-administered  ipratropium  bromide  or 
salbutamol  and  intravenous  aminophylline  in  a  se- 
ries of  20  mechanically  ventilated  COPD  patients. 
In  spite  of  the  limited  data  comparing  these  tech- 
niques in  mechanically  ventilated  adults  and  older 
children,  we  feel  confident  in  concluding  that  SVN 
and  MDI  therapy  are  equivalent  in  mechanically 
ventilated  patients,  because  extensive  data  (Tables 
2  and  4)  establishing  equivalence  in  spontaneously 
breathing  subjects  are  available.  At  this  time,  in- 
sufficient data  are  available  to  allow  recommenda- 
tions regarding  MDI  in  neonates,  infants,  and  small 
children  who  are  mechanically  ventilated. 

MDI  Adapters 

Adapters  designed  to  interface  MDIs  with  the 
ventilator  circuit  can  be  classified  as  (1)  modified 
tracheal  swivel  adapters  (Fig.  15):  (2)  circuit  inspir- 
atory-limb  adapters  (Fig.  16);  and  (3)  circuit  inspir- 
atory-limb  spacers  (Fig.    17).  Specifics  regarding 
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Fig.  15.  MDI  and  modified  tracheal  swivel  adapter. 


»^, 


Fig.  16.  MDI  and  circuit  inspiratory-limb  adapter. 

mailable  adapters  have  been  recently  reviewed  by 
Hess."-  However,  little  data  are  available  to  de- 
termine which  of  the  adapters  is  most  effective  in 
depositing  aerosol  beyond  the  distal  tip  of  the  endo- 
tracheal tube  and  producing  maxiniLim  patient  re- 
sponse. Bishop  ct  al'""  demonstrated,  in  a  lung 
model,  that  a  larger  xolume  of  particles  in  the  ""res- 
piratory  range"  (1-5  /jm)  was  delivered  beyond  the 
endotracheal  tube  with  the  Monaghan  AeroVent.  as 
compared  to  the  Intermedical  Intec  17227.S  and  In- 
strumentation Industries  RTC-22.  More  recently, 
catheters  extending  to  the  tip  of  the  ET  tube  have 
been  used  by  Taylor  and  Lerman"''  and  Pe- 
terfreund"'"  to  increase  the  delivery  of  metered- 
dose  drugs  beyond  the  endotracheal  tube.  Taylor 
and  Lerman."''  in  a  lung  niodel.  demonstrated  de- 
livery of  97'^  of  actuated  salbutamol  beyond  the 
ET  tube  when  a  19-gauge  catheter  attached  to  the 
MDI  was  positioned  at  the  tip  of  the  ET  tube.  Also 
using  a  lung  model,  Petcrfreund"'-  demonstrated 
that  the  use  of  a  16-gauge.  12-inch  intra\cnous 
catheter  attached  to  the  MDI.  positioned  in  a  tra- 


./■ 
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Fig.  17.  MDI  and  circuit  inspiratory-limb  spacer  (Aero- 
Vent).  (A)  Spacer  with  MDI  ready  for  use.  (B)  Spacer 
closed  as  exists  in-line  when  not  in  use. 

cheal  s\\ i\el  adapter,  resulted  in  deli\er\  of  20'yf  of 
the  MDl-generated  aerosol  beyond  the  ET  tube. 
These  preliminary  data  suggest  an  exciting  al- 
ternative for  MDI  delivery  in  intubated  patients, 
but  additional  research  is  required  before  applica- 
tion. The  data  a\ailable  on  the  placement  of  MDI 
in  ventilator  circuits  are  too  limited  at  this  time  to 
allow  a  recommendation  to  be  made  on  the  best  ap- 
proach. Additional  studies  need  to  be  performed 
before  guidelines  can  be  iiresented. 

Technique  for  I'se  of  MDI  in 
\  entilator  Circuits 

Little  information  derived  specifically  from 
evaluation  of  MDI  use  during  mechanical  ventila- 
tion is  available  to  assist  in  defining  the  ideal  tech- 
nii|ue  for  MDI  administration.  Howeser.  it  seems 
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reasonable  to  extrapolate  from  the  ahLiiulaiit  iii- 
fomiation  available  on  the  use  of  MDI  during  spon- 
taneous breathing.  During  niechanieal  \entilation. 
Gay  et  al""  administered  the  MDI  during  a  large- 
volume  manual  inflation  with  a  breath-hold  of  sever- 
al seconds,  waiting  1  minute  between  actuations. 
Fernandez  et  al'''"  recommend  a  large,  slowly  de- 
livered tidal  volume  by  manual  ventilator,  with  a  10- 
second  breath-hold  and  a  5-minute  wait  between  ac- 
tuations. However,  Hess  et  al'"'"  noted  no  difference 
in  drug  deposition  based  on  tidal  volume  or  peak  in- 
spiratory flow,  whereas  Crogan  and  Bishop'^^  found 
a  flow  of  60  L/min  most  efficient. 

Based  on  this  infonnation.  we  present  preliminary 
guidelines  for  MDI  administration  during  mechan- 
ical ventilation  in  Table  13.  Ideally,  a  large  tidal  vol- 
ume delivered  at  moderate  flowrates  of  30-60  L/min 
and  held  in  the  airway  for  at  least  2-3  seconds  is  rec- 
ommended. Whether  this  ventilatory  pattern  should 
be  perfomied  by  manual  or  mechanical  ventilation 
has  not  been  detemiined.  As  with  spontaneously 
breathing,  non-intubated  patients,  a  pause  between 
actuations  is  probably  ideal,  although  this  has  not 
been  studied  extensively.  Unless  a  true  in-line  spacer 
is  used  (AeroVent).  actuation  of  the  MDI  should  oc- 
cur immediately  after  the  beginning  of  a  mechanical 
breath.  If  the  AeroVent  is  used,  actuation  should  oc- 
cur 1-2  seconds  before  the  beginning  of  the  mechan- 
ical breath  or  at  the  end  of  exhalation,  depending  on 
patient- ventilator  rate. 

Table  1,'^.     Technique  for  Use  of  Metered  Dose  Inhaler  (MDI) 
during  Mechanical  Ventilation 

Place  MDI  adapter  into  circuit. 

Adjust  \entilator  to  deliver  volume-limited  breaths  or  use  a 

manual  \entilator. 
Warm  MDI  to  body  temperature. 
Shake  MDI  vigorously. 
Place  MDI  in  circuit. 
Actuate  MDI  immediately  after  the  beginning  of  a  inechanical 

breath;  if  spacer  is  used,  actuate  1-2  seconds  before 

mechanical  breath  or  near  end-e,\halation,  depending  on  the 

rate. 
Apply  a  2-.^-second  intlation  hold,  if  not  contraindicated. 
Wait  1  minute  between  actuations. 
Return  ventilator  to  pretreatment  settings. 
Monitor  patient  for  presence  of  side  effects  (eg.  tachycardia  or 

tremor)  and  beneficial  effects  (eg.  improved  breath  sounds, 

peak  flow,  and  FEV| ). 


Dosinj;  during  Mechanical  Ventilation 

As  has  been  indicated,  the  percentage  of  drug  de- 
posited beyond  the  endotracheal  tube  with  either 
MDI'"  '■'  or  SVN-"""'-'  is  about  SO^r  or  less  of 
that  deposited  during  spontaneous  breathing.  As  a 
result,  and  as  has  been  demonstrated  in  the  .studies 
reviewed  here,  a  larger  dose  of  bronchodilator 
should  be  administered  during  mechanical  ventila- 
tion than  during  spontaneous  breathing  if  equivalent 
deposition  in  the  lower  respiratory  tract  is  desired. 
As  a  general  rule,  we  recommend  a  doubling  of  the 
standard  dose  used  in  spontaneously  breathing  pa- 
tients (that  is,  4  puffs  from  most  MDIs  and  ap- 
proximately 0.6- 1  mL  of  most  SVN  drug  solutions 
dependent  upon  specific  drug).  However,  we  cau- 
tion that  actual  dosing  should  be  further  modified 
based  on  patient  response,  and  we  rind  that  many 
patients  require  and  safely  tolerate  much  higher  dos- 
es than  we  have  recommended  as  standards. 

Prospectus 

The  scientific  basis  for  the  delivery  of  aerosol 
therapy  has  increased  markedly  over  the  last  10 
years.  This  has  allowed  us  to  firmly  establish  guide- 
lines for  the  administration  of  aerosolized  phar- 
macologic agents  to  spontaneously  breathing  pa- 
tients. Although  research  is  still  needed,  the 
scientific  basis  for  delivery  during  spontaneous 
breathing  greatly  exceeds  the  knowledge-base  for 
delivery  during  mechanical  ventilation.  Although 
we  have  extrapolated  guidelines  from  spontaneous 
breathing  data,  as  described  here,  little  direct  in- 
formation is  available  to  guide  our  delivery  of  aero- 
solized drugs  to  patients  requiring  ventilatory  as- 
sistance. As  has  been  pointed  out  by  Hess,'^-"'-^ 
enormous  research  opportunities  exist  and  numer- 
ous questions  regarding  application,  methodology, 
and  dosing  need  to  be  answered. 

We  hope  that  this  review  has  not  only  clarified 
issues  and  helped  establish  guidelines,  but  will  also 
provide  the  stimulus  for  respiratory  care  practi- 
tioners to  design  research  proposals  to  answer  the 
questions  that  still  exist  in  this  important  facet  of 
respiratory  care. 
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Introduction 

Many  pharmacologic  agents  are  delivered  in  the 
form  of  therapeutic  aerosols  to  the  lower  airways, 
including  bronchodilators,  anti-inflammatory 
compounds  (corticosteroids,  cromolyn  sodium), 
mucolytic  agents,  and  selective  antagonists  of 
chemicals  that  mediate  asthma  (administered  for 
diagnostic  and  experimental  purposes).  In  this  paper 
1  focus  specifically  on  dosing  strategies  for  delivery 
of  aerosolized  bronchodilators  to  the  lower 
respiratory  tract.  Of  the  three  major  classes  of 
bronchodilators  in  current  use  (beta-adrenergic 
agonists,  anticholinergic  compounds,  and  methylx- 
anthines),  only  beta-adrenergic  agonists  and 
anticholinergics  can  be  effectively  administered  as 
aerosols;  aerosolized  theophylline  is  commonly 
known  to  cause  airway  irritation  and  only  marginal 
bronchodilation.  Consequently,  1  will  confine  my 
attention  to  the  selection  of  optimal  dosing  regimens 
for  beta-adrenergic  and  anticholinergic 
bronchodilators. 


Determinants  of  Dose  Requirements 
for  a  Beta-Adrenergic  Agonist 

The  dose  of  a  beta-adrenergic  aerosol  that  will 
produce   optimal    bronchodilation    with    minimal 
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adverse  effects  is  determined  by  several  factors, 
including:  ( I )  the  type  of  beta-adrenergic  agonist, 
(2)  the  method  of  aerosol  delivery,  and  (3)  the 
response  characteristics  of  the  patient. 

Type  of  Beta-Adrenergic  Agonist 

The  recommended  dose  of  a  specific  type  of  beta- 
adrenergic  agonist  is  determined  by  its  broncho- 
dilator potency  as  reflected  by  its  in-vitro  and  in- 
vivo  dose-response  characteristics.  These  are 
con\eniently  expressed  by  the  EDj,,  (ie,  the  dose 
of  a  beta-adrenergic  agonist  required  to  produce  50% 
maximal  relaxation  of  pharmacologically  or 
electrically  contracted  tracheobronchial  smooth 
muscle).  Of  the  beta-adrenergic  agonists  in  current 
use  in  the  U.S.,  the  order  of  potency  is:  isoproterenol 

>  albuterol  >  terbutaline  >  isoetharine  >  bitolterol 

>  metaproterenol.'  Fenoterol,  which  is  not  approved 
for  use  in  the  U.S.,  is  slightly  more  potent  than 
albuterol.  In  general,  the  dose  delivered  with  each 
actuation  of  a  commercially  available  beta- 
adrenergic-agonist  metered  dose  inhaler  (MDI)  has 
been  selected  by  the  manufacturer  to  be  bioequi- 
valent  in  potency  to  that  of  other  beta-adrenergic- 
agonist  MDIs.  A  notable  exception  to  this  rule  is 
the  fenoterol  MDI,  which  is  designed  to  deliver 
approximately  twice  the  bioequivalent  dose  per 
actuation  of  that  delivered  by  other  beta-adrenergic- 
agonist  MDIs. 

Method  of  Aerosol  Delivery 

The  dose  of  bcta-adrenergic-agonist  aerosol 
required  to  produce  a  desired  degree  of  broncho- 
dilation is  determined  by  the  dose  that  is  actually 
delivered  to  the  beta  adrenoreceptors  of  bronchial 
smooth  muscle.  This  delivered  dose  is  influenced 
by  the  method  used  for  aerosol  delivery.  Factors 
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that  attect  drug  delivery  tci  the  lower  respiratory 
tract  include 

•  the  type  of  aerosol  delivery  device — small-volume 
jet  nebulizer  (SVJN).  ultrasonic  nebulizer  (USN). 
MDI  with  or  without  an  extension  de\ice  (or 
spacer),  or  dry  powder  inhaler: 

•  the  output  characteristics  of  the  aerosol  delivery 

device — the  number  and  size  of  dru2-containing 
particles,  particle  size  distribution,  and  hygrosco- 

picity  of  particles; 

•  the  method  used  to  operate  the  aerosol-generating 
device — nebulizer  "fill"  volume,  driving  pressure, 
continuous  versus  intermittent  nebulization, 
duration  of  nebulization,  periodic  "tapping"  of  the 
nebulizer  when  using  an  SVJN  or  shaking  and 
inversion  of  the  canister  and  proper  actuation- 
inspiration  coordination  when  using  an  MDI 
w  ithout  a  spacer: 

•  the  patient's  inhalation  pattern — inspiratory 
flowrate.  tidal  volume,  end-inspiratory  breath-hold 
duration;  and 

•  the  type  of  airway  interface — mouthpiece,  mask, 
endotracheal  tube  (ETT),  or  tracheostomy  tube. 

Patient-Response  Characteristics 

The  response  of  a  patient  to  a  given  dose  of 
bronchodilator  depends  on  a  number  of  host 
factors,  which  have  previously  been  reviewed, - 
including: 

•  the  underlying  responsiveness  of  the  patient's 
airways,  which,  in  turn,  is  influenced  by  the  type 
of  disease  (eg,  asthma  vs  irreversible,  chronic 
obstructive  pulmonary  disease  |COPD]),  the 
degree  of  inflammation,  and  the  thickness  of  the 
airway  wall;' 

•  the  baseline  degree  of  airflow  obstruction; 

•  the  stability  of  the  obstructive  disease  (chronic 
versus  acute  exacerbation); 

•  the  presence  and  degree  of  tachyphylaxis:  and 

•  residual  effects  of  previously  or  concomitantly 
administered  bronchodilators. 

The  measured  response  to  a  bronchodilator  can 
also  be  influenced  by  the  specific  tests  used  to 
measure  that  response.  For  example,  tests  of  forced 
exhalation  can  be  confounded  by  constrictor 
effects  of  a  single  deep  breath^  and  by  dynamic 
airway  compression.^  Improvement  in  severe  acute 


asthma  is  sometimes  more  apparent  from  measure- 
ments of  lung  volume  (ie.  when  reductions  in  the 
degree  of  hyperinflation  are  observed)  than  from 
measurements  of  airway  caliber.*' 

The  perceived  effectiveness  of  a  bronchodilator 
can  vary  depending  on  the  method  used  to  express 
the  bronchodilattir  response.^  For  example,  when 
the  baseline  degree  of  airflow  obstruction  is  severe, 
a  small  absolute  improvement  in  airway  caliber 
may  be  magnified  by  reporting  it  as  a  large  percent 
improvement  over  baseline.  Expressing  improve- 
ment as  either  percent  of  maximal  achievable 
improvement  or  as  percent  of  the  predicted  value 
may  help  to  better  convey  the  true  effectiveness 
of  a  bronchodilator.  but  problems  in  accurate 
interpretation  may  still  exist. 

Conclusions  regarding  bronchodilator  efficacy 
may  also  be  influenced  by  the  specific  response 
variable  evaluated.  For  example,  two  different 
doses  of  a  beta-adrenergic  agonist  may  cause  the 
same  peak  magnitude  of  bronchodilation,  but  the 
duration  of  bronchodilation  may  be  shorter 
following  the  lower  of  the  two  doses.  Furthermore, 
the  duration  of  the  protective  effect  of  a  beta- 
adrenergic  agonist  against  experimentally  induced 
(and.  presumably,  naturally  occurring)  broncho- 
constriction  is  considerably  shorter  than  the 
duration  of  its  bronchodilator  effect.**  This 
dichotomy  in  the  duration  of  relaxation  of 
spontaneously  contracted  airway  smooth  muscle 
(bronchodilation)  versus  inhibition  of  induced 
bronchoconstriction  (protection)  is  probabl)  due 
largely  to  functional  antagonism.  Under  baseline 
conditions  of  spontaneous  bronchial  narrowing, 
constrictor  influences  are  less  than  those  produced 
by  inhalation  challenge  with  large  doses  of 
constrictor  agonists.  The  more  potent  the  con- 
strictor influences,  the  higher  the  dose  of  a  beta- 
adrenergic  agonist  required  to  counteract  these 
influences  (functional  antagonism).  In  other 
words,  in  the  face  of  increased  bronchoconstriction 
(as  occurs  in  acute  severe  asthma  or  with  the 
experimental  administration  of  high  doses  of  a 
constrictor  agonist),  the  bronchodilator  potency  of 
beta-adrenergic  agonists  is  reduced,  as  reflected 
by  a  rightwarci  shift  in  the  bronchiidiiator  dose- 
response  cur\c  and  an  increase  in  the  EDs,,  (Fig. 
1 ).''"'  As  a  result,  higher  doses  of  beta-adrenergic 
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agonists  are  required  for  the  treatment  of  acute 
severe  asthma  than  for  the  treatment  of  stable 
chronic  asthma.  Furthermore,  for  a  given  rate  of 
degradation  of  a  beta-adrenergic  agonist,  concen- 
tration of  the  beta  agonist  becomes  suboptimal 
sooner  when  higher  doses  are  required  to 
counteract  potent  constrictor  effects,  as  in  acute 
severe  asthma.  Consequently,  more  frequent  doses 
of  a  bronchodilator  are  required  under  these 
conditions. 


-log  (Isoproterenol)  M 

Fig.  1.  Cumulative  dose-response  curves  for  isopro- 
terenol-induced  relaxation  of  guinea  pig  trachea  contracted 
with  increasing  concentrations  of  methacholine  (Mch). 
O  =  0.3;/molMch;  •=  1 .0/imol  Mch:  A  =  3.0  //molMch. 
These  curves  illustrate  marked  functional  antagonism 
between  the  beta-adrenergic  agonist  (isoproterenol)  and  the 
contractile  agent  (Mch).  (Reprinted,  with  permission,  from 
Reference  10.) 


Standard  vs  Optimal  Doses 
of  a  Beta-Adrenergic  Agonist 

Because  of  the  many  variables  that  influence  the 
dose  requirements  of  a  beta-adrenergic  broncho- 
dilator, it  is  clear  that  no  'standard'  dose  is  applicable 
to  all  patients  under  all  conditions.  The  doses  and 
frequency  of  dosing  recommended  by  the  manufac- 
turers (Table  1 )  for  beta-adrenergic  agonists  delivered 
by  an  MDI  are  largely  based  on  studies  of  chronic 


stable  asthmatics  participating  in  FDA-approved 
clinical  trials.  These  dosage  regimens  often  do  not 
suffice  for  the  treatment  of  severe  acute  asthma  for 
at  least  two  reasons:  ( 1 )  Acute  severe  asthma  is 
associated  with  greater  functional  antagonism  than 
is  chronic  stable  asthma  and,  therefore,  requires  larger 
and  more  frequent  doses.  (2)  The  widespread  airway 
narrowing  characteristic  of  acute  severe  asthma  (due 
to  worsening  bronchospasm,  inflammatory  edema, 
and  mucus  secretion)  further  impairs  delivery  of  a 
given  dose  of  beta-adrenergic-agonist  aerosol  to  beta- 
receptor  sites  in  the  lung  periphery,  with  excessive 
deposition  in  the  narrowed  central  airways. 

Despite  the  greater  dosage  requirements  for 
severe  asthma,  many  physicians  are  reluctant  to 
sanction  the  administration  of  doses  in  excess  of 
those  recommended  by  the  manufacturers  or  at 
intervals  shorter  than  every  4  hours.  This  reluctance 
may  partially  be  attributed  to  the  "  "epidemic"  of 
asthma  deaths  reported  in  the  United  Kingdom  and 
other  countries  during  the  1960s.  Initially,  this 
epidemic  was  attributed  to  the  toxicity  of  high  doses 
of  MDI-administered  beta-adrenergic  agonists:" 
however,  subsequent  analysis  has  led  to  the 
conclusion  that  the  excess  asthma  mortality  may 
have  been  the  result  of  excessive  reliance  on  beta- 


Table  1.  Manufacturers'  Dosing  Recommendations  for 
MDIs* 


Dose/ 

Recommended  Dose 

Product 

Actuation 

(Adults) 

Isoproterenol 

(Medihaler-Iso) 

80 /yg 

1-2  sprays  every  2-4  h  as  needed 

Isoetharine 

(Bronkometer) 

340 /ig 

1-2  puffs  e\er\  4-6  h.  may 
increase  to  every  1-2  h  for 
acute  attacks 

Metaproterenol 

630  jjg 

2-3  puffs  every  4-6  h 

Albuterol 

90  ^ig 

1-2  puffs  every  4-6  h 

Terbutaline 

200  ^g 

1  -2  puffs  every  4-6  h 

Bitolterol 

370  ;ug 

1-3  puffs  every  4-6  h 

Fenoterol 

l6()//g 
e  inserts  re 

1  -2  puffs  every  4-6  h 

*Based  on  packag 

aroduced  in  1990  Physician's 

Desk  Reference. 
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adrenergic-agonist  therapy  (ie.  undertreatment  with 
alternative,  nonbronchodiiator  antiasthma  agents 
such  as  steroids  rather  than  o\  ertreatment  with  beta- 
adrenergic  agonists  and  consequent  cardiovascular 
toxicity  ).'- 

Despite  the  pervasiveness  of  concerns  regarding 
toxicity  of  MDl-delivered  beta-adrenergic  agonists 
in  high  doses,  the  maximum  doses  recommended 
by  the  manufacturers  for  beta-adrenergic  agonists 
administered  in  solution  form  (as  "wet"  aerosols  by 
SVJN)  are  at  least  10  times  higher  than  those 
recommended  for  identical  agents  adminstered  by 
MDI  (Table  2).  The  basis  for  the  disparity  in  these 
dosage  recommendations  is  not  clear,  but  probably 
reflects  the  recognition  that  delivery  of  beta- 
adrenergic  agonists  by  SVJN  is  less  efficient  than 
delivery  by  MDI.  Indeed,  some  studies  show  a 
tenfold  rightward  shift  in  the  dose-response  curve 
for  a  solution  aerosol  compared  to  an  MDI  aerosol 
(Fig.  Z).'"*  Interestingly,  although  most  studies 
demonstrate  that  SVJNs  are  less  efficient  than  MDIs 
in  delivering  beta-adrenergic  agonists  to  the  lower 
airway,  the  variability  in  the  efficiency  ratios  of 

Table  2.  ManufaLtiircrs"  Dosing  Recommendations  for 
Solution  Aerosols* 


Product 


Concentration 


Recommended  Dose 
(Adults) 


Isoproterenol  HCl 


Isoetharinc 


Melaprolerenol 


0.25  mL(1.25  mg) 
via  compressor- 
Jri\en  nebulizer 

0..^  niL  of  1  'ic 
solution  diluted  1:3 
with  O.y^r  saline 

0..^  niL  ( l.'^  mg)  of 
y'l  solution 
diluted  in  2. .5  mL 
0.9'f  saline  e\ery 
2-4  11 

2.5  mg  diluted  in  3 
niL  normal  saline 
3  to  4  times  daily 

5-7  mg  (5-7  niL) 
undiluted  every  4-6 
li  as  needed  (not 
approved) 


*Based  on  package  inserts  reproduced  in  1990  Physician's 
Desk  Reference. 


Albiilciol 


Terhutaline 


0.59^  (1:200) 
5  mg/mL 

0.25%,  0.5%. 
and  1% 

5<7r.  0.6%  unit 
dose  vial 
(2.5  mL) 


0.5%.  0.083% 
unit  dose  vial 
(3  mL) 

0. 1  % 
( 1  mii/niL) 


SVJNs  to  MDIs  is  wide.'-*  ranging  from  1:2  to 
1:12.5.  This  variable  efficiency  probably  reflects 
the  variability  in  types  of  SVJNs.  in  output 
characteristics  of  SVJNs.  in  methods  used  to  operate 
SVJNs.  in  patient  inhalation  patterns,  in  techniques 
of  MDI  administration,  and  in  the  use  or  non-use 
of  MDI-spacer  devices.  It  is  clear  that  broncho- 
dilator  response  is  not  determined  simply  by  the 
dose  of  the  drug  added  to  the  nebulizer  or  by  the 
particular  aerosol-generating  de\  ice  used,  but  rather 
by  the  actual  dose  of  beta-adrenergic  agonist 
reaching  the  lower  respiratory  tract. 


:=     «    5 


-I 


mg  DELIVERED  DOSE  ALBUTEROL 

Fig.  2.  Dose-response  curves  for  FEV,  versus  aerosolized 
isoproterenol  delivered  by  MDI  A  (26  patients  with  asthma) 
and  by  IPPB  •(18  patients  with  asthma).  Note  the 
approximately  tenfold  rightward  shift  in  the  dose-response 
curve  for  IPPB-  versus  MDl-delivered  isoproterenol. 
(Reprinted,  with  permission,  from  Reference  13.) 


Rather  than  being  constrained  by  manufacturers' 
recommended  standard  and  maximum  doses  and 
do.se  frequencies,  the  physician  should  .select  the 
optimal  dose  and  do.se  interval  for  a  given  individual. 
This  optimal  dosing  regimen  varies  between 
delivery  de\  ices,  u  ithin  deli\  er\  de\  ices  depending 
on  the  method  of  use,  between  patients,  and  w ithin 
patients  depending  on  changes  in  pulmonary  status. 
Findings  from  recent  studies  provide  reasonable 
guidelines  for  determining  optimal  dosing  regimens 
for  patients  with  moderate-to-severe  chronic  asthma 
or  COPD  and  severe  acute  asthma. 
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Moderate-to-Severe  Chronic  Asthma 


Mestitz  et  al'-''  studied  9  patients  with  moderate- 
to-severe  chronic  airflow  limitation  due  to  asthma 
(FEV,  <  2.2  L:  FEV.A'C  ratio  <  547c)  receiving 
regular  beta-adrenergic-agonist  therapy  in  standard 
doses  by  either  MDI  or  nebulizer.  On  separate  days, 
cumulative-dose-FEV|  response  curves  were 
constructed  for  terbutaline  administered  by  either 
MDI  or  nebulizer.  The  mean  dose  required  to 
produce  maximal  bronchodilation  was  2.8  mg  for 
the  MDI  (5  times  the  usual  recommended  MDI  dose) 
and  5.8  mg  for  the  nebulizer  (approximately  2  times 
the  MDI  dose).  Patients  were  then  treated  for  2 
weeks  with  either  1.25  mg  terbutaline  by  MDI  (2.5 
times  the  usual  dose)  or  the  bioequivalent  dose  (2.5 
mg)  by  nebulizer  4  times  each  day  for  2  weeks, 
before  crossing  over  in  random,  double-blind 
fashion  to  the  alternative  form  of  aerosol  therapy 
for  an  additional  2  weeks.  Response  was  assessed 
by  measurement  of  FEV,,  VC,  exercise  tolerance 
(6-min  walk),  symptoms,  and  extra  beta-adrenergic- 
agonist  use.  The  increased  dosages  resulted  in 
significant  improvement  in  VC  and  exercise 
performance  compared  with  standard  dosages, 
without  any  demonstrable  side  effects.  The  MDI 
and  nebulizer  yielded  comparable  results. 

Prior  and  co-workers"'  studied  8  patients  with 
chronic  severe  asthma  (mean  FEV,  0.831  L),  who 
had  been  poorly  controlled  by  conventional  doses 
of  the  inhaled  beta-adrenergic  agonist  albuterol 
(200-400  ^g  4  times  each  day)  despite  concomitant 
treatment  with  inhaled  and/or  oral  corticosteroids. 
After  cumulative  dose-response  curves 
demonstrated  that  a  mean  dose  of  4  mg  terbutaline 
was  required  to  produce  maximal  bronchodilation, 
these  patients  were  treated  over  two  2-week  periods 
with  high-dose  inhaled  terbutaline  (4  mg,  4  times 
each  day,  or  8  times  the  recommended  dose)  via 
either  an  MDI  (delivering  1  mg/actuation)  with  tube 
spacer  or  a  power  nebulizer,  in  randomized 
crossover  fashion.  All  patients  improved  both 
objectively  (daily  peak  flow  measurements)  and 
subjectively  with  the  high-dose  regimen,  and  no 
patient  reported  any  side  effects.  No  differences 
were  noted  between  the  nebulizer  or  MDI-spacer 
delivery  systems. 


The  results  of  these  two  small-scale  studies'^'^ 
suggest  that  chronic  asthmatics  with  moderate-to- 
severe  airflow  obstruction  may  benefit  from 
maintenance  doses  2.5-8  times  higher  than 
conventional  doses  of  aerosolized  beta-adrenergic 
agonists,  without  experiencing  significant  side 
effects.  These  findings  also  support  the  results  of 
several  other  studies  that  indicate  comparable 
efficacy  of  MDI  and  wet  nebulizer  when  bio- 
equivalent doses  are  administered.  On  the  other 
hand,  recent  data'^  suggest  that  in  chronic  asthmatics 
who  are  treated  with  inhaled  and/or  oral 
corticosteroids,  additional  maintenance  therapy  with 
regularly  scheduled  doses  of  inhaled  beta-adrenergic 
agonists  can  lead  to  worsening  of  asthma  symptoms 
(especially  at  night)  and  lowering  of  morning  peak- 
flowrates,  compared  to  "as-needed"  (PRN)  use  of 
beta-adrenergic-agonist  aerosols.  The  reasons  for 
these  findings  are  unclear,  but  may  reflect  an  adverse 
effect  of  chronic  beta-adrenergic-agonist  therapy  on 
airway  reactivity'**  and/or  on  mucus.''' 

Acute  Severe  Asthma 

Benton  and  colleagues'^  evaluated  an 
individualized  dose-titration  regimen  for  treating 
children  presenting  to  the  emergency  room  with 
acute  exacerbations  of  asthma.  This  regimen 
consisted  of  an  initial  2  actuations  of  an  albuterol 
MDI  with  a  spacer  attachment  (Aerochamber, 
Monaghan  Medical,  Plattsburgh  NY)  followed  by 
peak  expiratory  flow  (PEF)  measurements  and 
auscultation.  Additional  albuterol  (1-2  actuations) 
was  administered  every  1-2  minutes  followed  by 
objective  assessment  of  response  until  maximal 
improvement  was  achieved  or  a  ceiling  dose  of  20 
actuations  was  reached.  In  the  13  patients  studied, 
a  mean  (SD)  dose  of  8  (3)  puffs  (range.  4-14)  was 
required,  at  an  interval  of  2  (2)  minutes  between 
successive  puffs.  The  average  overall  percent 
improvement  in  PEF  was  87'7f  after  the  total  mean 
dose  of  8  actuations  (23  jUg/kg).  as  opposed  to  only 
347c  improvement  over  baseline  after  the 
conventional  dose  of  2  actuations:  no  adverse  side 
effects  were  noted.  In  comparison,  a  retrospective 
analysis  by  the  same  authors'"^  of  the  results  of  wet- 
nebulizer  treatment  of  25  patients  presenting  to  the 
emeraencv  room  with  acute  asthma  revealed  onlv 


RESPIRATORY  CARE  •  SEPTEMBER  "91  Vol  36  No  9 


981 


DOSING  STRATEGIES  FOR  DELIVERY  TO  AIRWAYS 


a  40%  improvement  in  PEF  despite  administration 
of  a  greater  than  fourfold-larger  average  d(«e  of 
albuterol.  These  data  support  the  efficacy  and  safety 
of  individualized  dose-titration  of  aerosolized  beta- 
adrenergic  agonists  delivered  by  an  MDI-spacer 
assembly  up  to  as  much  as  7  times  the  conventional 
dose  for  the  treatment  of  acute  severe  asthma  in 
children. 

A  dosage  interval  of  3-4  hours  between  successive 
treatments  of  the  longer-acting  bronchodilator 
aerosols  (eg.  albuterol,  terbutaline)  is  commonly 
recommended;  however,  in  acute  severe  asthma, 
marked  bronchoconstriction  is  usually  associated 
with  only  a  short  duration  of  response  to  a  broncho- 
dilator. Therefore,  in  the  treatment  of  acute  severe 
asthma,  the  usual  practice  is  to  reduce  the  commonly 
recommended  dosage  interval  for  albuterol  or 
terbutaline  to  1  or  2  hours  when  necessary.  Kelly 
et  al-"  reviewed  44  pediatric  ICU  admissions  for 
acute  severe  asthma  in  27  children  to  assess  the 
safety  of  nebulized  terbutaline  administered  at 
frequent  intervals  over  a  prolonged  period.  The 
average  dose  per  treatment  was  0.2  mg/kg  (range, 
0.1-0.4  mg/kg).  Within  successive  6-hour  periods 
over  the  first  36  hours  of  hospitalization,  the  mean 
interval  between  consecutive  treatments  ranged 
from  2.4-3.8  hours;  the  absolute  interval  between 
treatments  during  the  first  24  hours  ranged  from 
0.5-6  hours,  and  during  the  next  12  hours  ranged 
from  2-6  hours.  Despite  such  frequent 
administration  of  high  doses  of  beta-adrenergic- 
agonist  aerosols,  heart  rate  progressively  fell  over 
the  course  of  the  36  hours  in  conjunction  with 
progressive  improvement  in  respiratory  status 
(evident  by  a  parallel  decline  in  respiratory  rate). 
Interestingly,  heart  rate  fell  to  a  greater  extent  in 
those  patients  receiving  higher  (s=0.2  mg/kg)  than 
lower  (<0.2  mg/kg)  doses  of  terbutaline.  These  data 
support  the  safety  of  frequent  administration  ot  high 
doses  of  nebulized  terbutaline  over  a  prolonged 
period  in  the  treatment  of  acute  severe  childhood 
asthma. 

In  the  treatment  of  severe  acute  pediatric  asthma 
Robertson  et  ai-'  observed  that  asthma  improved 
initially  in  some  patients,  but  worsened  bet\)re  the 
next  dose.  e\  en  \\  hen  dosage  intervals  were  as  short 
as  1-2  hours.  Alter  an  initial  nebulized  dose  of  0.15 
mg/kg  albuterol  (maximum  dose  5  mg).  the  efficacy 


of  this  same  dose  administered  at  hourly  inter\als 
was  compared  to  the  efficacy  of  divided  doses  of 
albuterol  (0.05  mg/kg.  maximum  dose  1.7  mg) 
administered  every  20  minutes  for  a  total  of  2.5 
hours.  The  results  show  a  smooth,  progressive 
improvement  in  FEV,  in  the  group  treated  at  20- 
minute  intervals,  in  contrast  to  deterioration  prior 
to  the  next  scheduled  dose  as  well  as  a  diminished 
overall  response  in  the  group  treated  at  hourly 
intervals  (Fig.  3 ).  The  authors  suggested  that  because 
the  duration  of  bronchodilator  response  in  severe 
acute  asthma  is  frequently  very  short,  airflow 
obstruction  is  more  likely  to  worsen  before  the  next 
scheduled  nebulizer  treatment  in  the  hourly  regimen 
than  it  is  in  the  thrice-hourly  regimen.  The  response 
to  the  hourly  treatments  is  likely  to  be  less  because 
of  poorer  peripheral  penetration  of  the  aerosolized 
medication  through  airways  that  have  been 
permitted  to  narrow  between  treatments. 
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Fig.  3.  Change  In  %  predicted  FEV,  from  baseline  at  20- 
mlnute  intervals  In  pediatric  patients  with  acute  severe 
asthma  receiving  nebulized  albuterol  (/^O.OS  mg/kg 
every  20  minutes;  •  =  0.1 5  mg/kg  every  hour).  (Reprinted, 
with  permission,  from  Reference  21.) 

These  findings  suggest  that  small  frequent  doses 
of  an  aerosolized  beta-adrenergic  agonist  have  a 
greater  o\erall  therapeutic  effect  in  acute  severe 
asthma  than  do  larger,  less-frequent  doses.  These 
findings  also  support  the  practice  of  progressively 
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increasing  ihc  Irequoiicy  of  bronchodilator  aerosol 
therapy  in  patients  with  acute  severe  asthma  who 
are  not  responding  to  treatment  at  less-frequent 
intervals.  If  carried  to  the  extreme,  this  practice 
could  ultimately  lead  to  continuous  nebuli/ation 
therapy  (CNT).  Continuous  nebulization  of  beta^- 
selective  adrenergic  agonists  has  been  used  in  the 
management  of  severe  acute  asthma  not  responding 
to  intermittent  nebulization.-"--  This  approach  to 
the  treatment  of  status  asthmaticus  is  viewed  as 
being  safer  than  constant  intravenous  infusion  of 
the  nonselective  beta-adrenergic  agonist  isopro- 
terenol, which  has  been  associated  with  CPK-MB 
isoenzyme  elevations,  cardiac  arrhythmias, 
myocardial  ischemia,  and  both  fatal  and  nonfatal 
myocardial  infarction.--'-''  Moreover,  nebuli/ation 
therapy  has  been  found  to  be  as  efficacious  in  the 
management  of  acute  severe  asthma  as  intravenous 
infusion  of  betai-selective  adrenergic  agonists,-^  -'^ 
which  have  greater  potential  than  inhaled  agents 
for  systemic  (especially  cardiovascular)  toxicity.'" 

Moler  and  co-workers'"  have  described  an 
approach  to  the  management  of  acute  severe 
childhood  asthma  consisting  of  methylprednisolone, 
aminophylline,  and  intermittently  nebulized 
terbutaline,  followed  by  CNT  if  necessiiry.  These 
authors  initially  administered  nebulized  terbutaline  in 
a  dose  of  2  mg  every  hour,  if  a  favorable  clinical 
response  was  not  achieved,  the  same  dose  was 
administered  4  times  at  30-minute  intervals,  followed 
by  CNT  if  necessary.  They  reported  providing  CNT 
to  19  children  during  27  episodes  of  severe  asthma. 
The  apparatus  shown  in  Figure  4  was  used  to  administer 
terbutaline  in  a  dose  of  4  mg/hour  (0.4  mg/mL)  per 
hour.  The  mean  duration  of  CNT  was  1 5.4  hours  (range 
3-37  hour).  Asthma  symptoms  improved  in  all  patients, 
elevated  arterial  Pco,  levels  declined,  and  no  adverse 
effects  were  noted.  The  authors  estimated  that  the 
highest  bioavailable  (systemically  absorbed)  dose  from 
CNT  of  terbutaline  administered  to  a  15-kg  child  at 
a  rate  of  4  mg/liour  (or  4.44  /;gkg~'  min  ')  was 
0..58  /ygkg  '  min  ',  assuming  12'yr  delivciy  to  the 
lung  and  1 9'f  to  the  mouth,  and  I  (X)7f  absoiption  from 
the  lung  and  buccal  mucosa.  The  authors  point  out 
that  this  maximum  estimated  bioavailable  dose  from 
CNT  is  comparable  to  the  maximum  intravenous 
tocolytic  dose  (0.5  yug  kg'   min   ')  that  can  be  u.sed 


in  pregnant  women  without  observable  adverse  effects 
to  the  mother  or  fetus.  These  results  support  the 
effectiveness  and  safety  of  CNT  in  children  with  acute 
severe  asthma,  some  of  whom  might  otherwise  rec|uire 
treatment  with  intravenous  isoproterenol  or  mechanical 
ventilation. 


Fig.  4.  Apparatus  used  to  administer  continuous  nebu- 
lization therapy.  (Reprinted,  with  permission,  from 
Reference  30.) 

Stable  Severe  COPD 

Hairi.son  and  Pierce"  obtained  cumulative  dose- 
respon.se  curves  using  salbutamol  delivered  by  MDI 
(maximum  dose  800  ^g)  or  nebulizer  (maximum  dose 
10  mg)  in  10  chronic  bronchitic  and  10  asthmatic 
patients  with  severe  airflow  obstruction.  The  MDI  and 
nebulizer  yielded  compai^able  results  for  each  category 
of  patients  with  an  efficiency  ratio  of  12.5  to  1  (Fig. 
5).  However,  the  dose-response  cunes  were  flatter  in 
the  bronchitic  than  in  the  asthmatic  patients,  consistent 
with  less-reversible  disease  in  the  former  population. 
In  stable  bronchitic  patients,  a  near-maximal  respon.se 
was  achieved  with  conventional  doses  of  albuterol  (200 
/ig  via  MDI  or  2.5  mg  via  nebulizer),  suggesting  that 
higher  maintenance  doses  may  not  offer  any  advantages 
in  the  treatment  of  stable  COPD. 

Mestitz  et  al'"^  treated  10  clinically  stable, 
moderate-to-severe  COPD  patients  with  doses  of 
terbutaline  (determined  by  cumulative  dose- 
response  curves)  that  were  higher  than  those 
conventionally  used  (1.25  mg  via  MDI  or  2.5  mg 
via  wet  nebulizer).  The  higher  maintenance  do.ses 
produced  modest  improvement  in  lung  function  and 
in  exercise  tolerance  (without  adverse  side  effects) 
compared  to  standard  maintenance  aerosol  therapy. 
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Fig.  5.  Cumulative  log  dose-FEV,  response  relationships 
[mean  (SEM)]  for  wet  (nebulizer)  and  dry  (MDI)  albuterol 
aerosol  in  patients  with  reversible  airflow  obstruction 
(asthma)  and  irreversible  airflow  obstruction  (CORD). 
(Reprinted,  with  permission,  from  Reference  31.) 

irrespective  of  the  method  of  aerosol  delivery  (MDI 
or  nebulizer). 

Jenkins  et  al-"*-  observed  that  appro.ximately  one 
half  of  the  19  patients  with  severe  stable  COPD 
(mean  FEV,  0.5.'S  L)  in  whom  they  performed 
cumulative  dose-respon.se  curves  with  albuterol 
required  higher-than-conventional  doses  (ie.  400- 
600 /yg)  to  achieve  maximal  bronchodilation.  They 
recommended  the  dosing  strategy  outlined  in  Table 
3  to  determine  the  optimal  dose  of  albuterol  for 
maintenance  aerosol  therapy  in  stable  COPD. 
Higher-than-conventional  maintenance  doses  were 
generally  well  tolerated  and  led  lo  improvement  in 
respiratory  symptoms  and  in  activity  level.  No 
significant  differences  were  noted  in  response  to 
the  two  different  modes  of  delivering  albuterol 
aerosol  (MDI  vs  nebulizer).  Because  of  the 
comparable  efficacy  of  the  MDI  and  wet  nebulizer 
in  the  management  of  severe  COPD  with  inhaled 


beta-adrenergic  agonists,  the  MDI  is  the  preferred 
mode  of  aerosol  treatment  because  of  its  lower  cost 
and  greater  convenience. 

Table  ?i.  Dosing  Strategy  for  .Albuterol  Aerosol  Treulmenl  of 
Stable  COPD" 


1.  Administer  albuterol  MDI  2  puffs  (180  fig)  or  2.5  mg/4 
niL  via  power  nebulizer. 

2.  Measure  PEFR,  FEV,.  VC.  and  HR  15  and  30  min  later 
and  then  ever>-  10  min  until  no  further  increase  in  FEV, 
VC,  or  PEFR. 

3.  Repeat  albuterol  MDI  2  puffs  or  2.5  ing/mL  via  nebulizer. 

4.  Repeat  measurements  as  in  Step  2. 

5.  Repeat  process  until  further  drug  doses  produce  no  further 
increase  in  PEFR.  FEV,,  or  VC. 

6.  Administer  QID  the  dose  of  albuterol  producing  greatest 
bronchodilation  in  any  given  patient. 

7.  Assess  daily  peak  flow .  symptoms,  and  extra  bronchodilator 
use. 


Dose  Requirements  for 
Anticholinergic  Bronchodilators 

A  full  discussion  of  the  role  of  anticholinergic 
bronchodilator  therapy  in  acute  and  chronic  asthma 
and  COPD  is  beyond  the  scope  of  this  paper.  The 
reader  is  referred  elsewhere  for  a  general  review 
of  this  topic.-''-'  1  will  briefly  consider  the  question 
of  how  to  determine  the  optimal  dose  for  an 
anticholinergic  bronchodilator. 

Only  one  anticholinergic  compound,  ipratropium 
bromide  (a  polar,  water-soluble  quaternary 
derivative  of  atropine),  is  approved  by  the  FDA 
for  use  as  a  bronchodilator,  specifically  in  the 
treatment  of  COPD.  Ipratropium  bromide  has 
advantages  over  atropine  sulfate  (a  fat-soluble, 
tertiary  ammonium  compound)  mainly  because, 
unlike  atropine  sulfate,  it  is  poorly  absorbed  from 
the  respiratory  and  gastrointestinal  tracts  and  does 
not  cross  the  blood-brain  barrier. '^  Consequently, 
ipratropium  bromide  is  \  irtually  de\ oid  of  the  well- 
known  systemic  cholinergic  side  effects  of  atropine 
sulfate,  such  as  visual  blurring  and  aggravation  of 
bladder-outlet  obstruction.  Because  ipratropium  is 
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currently  available  in  the  U.S.  onl\  m  the  loiiii  o\' 
an  MDI,  atropine  sulfate  solution  is  used  when 
anticholinergic  bronchodilator  therap\  in  the  form 
of  a  wet  aeri)sol  is  desired,  despite  the  lack  of  FDA 
approval  for  this  use  of  atropine.  The  solution  form 
of  ipratropium  bromide  for  nebulization  therapy  is 
available  abroad,  but  has  yet  to  be  appro\ed  in  the 
U.S. 

Dose-response  studies'^  using  incremental  doses 
of  atropine-sulfate  solution  (0.005  to  0.1  mg/kg) 
in  children  with  stable  asthma  have  revealed  a 
plateau  maximum  after  a  dose  of  0.05  mg/kg;  the 
peak  effect  occurred  1  hour  after  inhalation,  and 
the  duration  of  action  was  as  long  as  5  hours. 
Because  maximally  effective  doses  of  atropine 
sulfate  are  likely  to  be  associated  with  clinically 
important  side  effects,  smaller  doses  (0.025  mg/kg, 
or  1-2  mg  in  adults)  are  generally  employed.  Dose- 
response  curves  for  nebulized  ipratropium  bromide 
in  patients  with  acute  asthma  have  shown  500  //g 
to  be  the  smallest  dose  yielding  a  maximal  broncho- 
dilator response. ^^  indicating  that  this  compound  is 
more  potent  than  atropine.  Cumulative  doses  of 
ipratropium  by  MDI  administered  to  stable  patients 
with  either  asthma  or  chronic  bronchitis  produced 
a  response  plateau  after  4  inhalations  (80  //g)  in 
the  asthmatics  but  after  only  2  inhalations  (40  /jg) 
in  the  bronchitics.^''  Because  ipratropium  is 
associated  with  very  few  side  effects,  even  when 
administered  in  considerably  larger  doses  than 
recommended  by  the  manufacturer  (40  //g).  a  trial 
of  higher-than-recommended  doses  may  be 
worthwhile  under  certain  circumstances,  such  as  in 
COPD  that  is  poorly  responsive  to  conventional 
doses.  A  common  finding  of  man\'  investigators 
is  that  ipratropium  is  generally  less  effective  than 
beta-adrenergic  agonists  for  the  treatment  asthma 
but  more  effective  than  beta-adrenergic  agonists  for 
the  treatment  of  COPD.'-' 

The  administration  of  ipratropium  by  MDI  or 
atropine  (in  solution  form)  by  nebulizer,  in 
combination  with  inhaled  beta-adrenergic  agonists,  for 
the  treatment  of  severe  acute  asthma  has  been 
evaluated  by  .several  investigators.  Most  authors'-'^  '"^ 
report  an  additive  bronchodilator  effect  when 
ipratropium  (0.5-1  mg)  is  combined  with  large  doses 
of  a  beta-adrenergic-agonist  solution  aerosol  (albuterol 


5-10  mg  or  fenoterol  1-1.25  mg).  The  effect  of  the 
beta-adrenergic  agonist  appears  to  be  enhanced  when 
ipratropium  is  administered  60-120  minutes  prior  to 
the  beta-adrenergic  agonist.'^'**'''  This  may  be  due 
to  a  preferential  bronchodilator  action  of  the 
anticholinergic  on  the  large  central  airways  where 
cholinergic  receptors  are  located  in  greatest  density, 
thus  facilitating  delivery  of  the  subsequently 
administered  beta-adrenergic  agonist  to  peripheral  sites 
in  the  lower  respiratory  tract  where  adrenergic 
influences  predominate.-"'  In  contrast,  one  group-" 
failed  to  observe  that  anticholinergics  provided  any 
significant  added  benefit  when  inhaled  beta-adrenergic 
agonists  had  already  been  used  in  very  high,  frequent 
doses  for  the  treatment  t)f  acute  severe  asthma.  Other 
investigators-'-  have  t)bserved  that  ipratropium,  while 
not  increasing  the  overall  maximal  bronchodilator 
response  to  a  large  dose  of  nebulized  albuterol,  may 
prolong  the  duration  of  the  response. 

Available  data  are  conflicting  as  to  whether  inhaled 
beta-adrenergic  agonists  and  ipratropium  administered 
in  conventional  doses  produce  additive 
bronchodilation  in  stable  COPD.  However,  it  is  clear 
that  in  patients  with  COPD  these  two  agents,  when 
administered  in  maximal  doses,  produce  equivalent 
bronchodilation  indi\idually  and  do  not  produce 
greater  bronchodilation  in  combination.-*' 

Effective  Dosing  for  Delivery  of  Bronchodilator 
Aerosols  to  Mechanically  Ventilated  Patients 

Delivery  of  aerosols  from  both  solution 
nebulizers  and  MDIs  to  intubated,  mechanically 
ventilated  patients  is  far  less  efficient  than  delivery 
to  spontaneously  breathing  patients.-'-'-'^  Studies 
suggest  that  only  1 .2-2.^)7c  of  the  medication  from 
a  jet  nebulizer  reaches  the  lungs  of  the 
mechanically  ventilated  patient.-'-' ■"'^^  In  one  of 
these  studies.-'''  a  higher  mean  percentage  of  a  given 
dose  (5.65%)  was  deli\ered  to  the  lower 
respiratory  tract  of  intubated,  ventilated  patients 
by  MDI  with  holding  chamber.  However,  even 
this  dose  is  approximately  half  that  delivered  by 
a  correctly  used  MDI  to  the  lungs  of  spontaneously 
breathing  patients.  Possible  reasons  for  the  reduced 
efficiency  of  aerosol  delivery  to  mechanically 
ventilated  patients  include  ( 1 )  excessive  impaction 
of  the  aerosolized  particles  in  the  curved  ETT  due 
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to  the  turbulent  hieh-Hinv  conditions  of  mechanical 
ventilation,  (2)  growth  of  hygroscopic  particles  in 
the  humid  ventilator  circuit,  (3)  adsorption  of  drug 
to  ventilator  tubing,  and  (4)  reduced  inspiratory 
hold  times  leading  to  loss  of  aerosol  during 
exhalation.^''  -•'  Results  of  a  recent  bench  study''^ 
suggest  that  the  delivery  efficiency  of  an  MDI 
through  an  ETT  can  be  improved  by  using  a  larger 
tube  size  and  by  activating  the  MDI  into  a  flowing 
stream  of  gas  after  initiation  of  inspiration.  Recent 
evidence'*'*  suggests  that  the  delivery  efficiency  of 
an  MDI  is  also  influenced  by  the  type  of  adapter 
used  for  delivering  the  aerosol  from  the  MDI 
canister  into  the  ETT  or  ventilator  circuit. 

It  is  clear  that  additional  work  is  needed  to 
determine  the  optimal  method  for  delivering 
bronchodilator  aerosols  to  ventilated  patients. 
However,  the  available  data  suggest  that,  in  the 
setting  of  mechanical  ventilation,  MDIs  are 
probably  more  efficient  than  solution  nebulizers 
but,  at  best,  only  about  5(V7c  as  efficient  as  MDIs 
used  in  spontaneously  ventilating  patients. 
Therefore,  the  dose  of  a  bronchodilator  delivered 
by  MDI  to  an  intubated  patient  should  be  at  least 
double  that  used  for  treatment  of  the  non-intubated 
patient.  However,  even  doubling  the  dose  may  not 
suffice  because  patients  mechanically  ventilated 
for  treatment  of  severe  airflow  obstruction  are 
likely  to  be  more  refractory  to  bronclK)dilator 
therapy.  This  may  account,  at  least  in  part,  for 
the  failure  of  some  investigators'*''-'^  to  observe 
physiologic  evidence  of  bronchodilator 
effectiveness  in  mechanically  ventilated  patients 
receiving  aerosol  therapy. 

Summarv 


In  acute  severe  asthma,  higher  and  more 
frequently  administered  doses  of  aerosolized  beta- 
adrenergic  agonists  are  usually  required  than  those 
recommended  by  the  manufacturers.  The  precise 
dosing  regimen  is  best  determined  by  individual 
titration  based  on  frequent  clinical  assessment, 
including  auscultation  and  serial  measurements  of 
peak  expiratory  tlow.  Aerosol  therapy  with  large 
doses  of  a  beta-adrenergic  agonist  administered  at 
frequent  intervals  or  continuously,  if  necessary,  is 
as  efficacious  as  treatment  with  parenteral  beta- 
adrenergic  agonists  and  has  less  potential  for  serious 
systemic  toxicity.  Nebulized  anticholinergics  appear 
to  add  to  the  benefit  of  beta-adrenergic-agonist 
aerosol  therapy  in  the  treatment  of  severe  acute 
asthma,  particularly  when  the  administration  of  the 
anticholmergic  bronchodilator  precedes  that  of  the 
beta-adrenergic  agonist. 

Delivery  of  aerosols  from  both  solution  nebulizers 
and  MDIs  to  intubated,  mechanically  ventilated 
patients  is  far  less  efficient  than  delivery  of  aerosols 
to  spontaneously  breathing  patients.  This  is  probably 
due  to  excessive  losses  of  the  drug  in  the  curved 
endotracheal  tube  and  ventilator  circuit.  Although 
further  work  is  needed  to  determine  the  optimal 
method  for  delivering  aerosolized  bronchodilators 
to  ventilated  patients,  preliminary  data  suggest  that 
MDIs  are  more  efficient  than  solution  nebulizers 
but  only  about  50%  as  efficient  as  MDIs  in  non- 
intubated  patients.  In  the  treatment  of  the  intubated 
patient  with  obstructi\e  pulmonary  disease, 
aerosolized  bronchodilators  should  be  given  in 
larger  than  conventional  doses  because  of  the 
relative  inefficiency  of  available  delivery  devices 
for  this  purpose  and  because  the  mechanically 
ventilated  patient  is  often  rclati\el\  refractory  to 
bronchodilator  therapy. 


Optimally  effective  dosing  with  aercsolized 
bronchodilators  depends  on  the  potency  of  the 
bronchodilator  agent,  the  methiKl  of  aerosol  delivery 
(which,  in  turn,  determmes  the  dose  delivered  to 
the  lung),  and  the  response  characteristics  of  the 
patient.  Theicfore.  optimal  doses  may  differ  from 
those  rect)niniended  by  manufacturers,  and  will  vary 
between  and  within  delivery  devices  (depending  on 
the  method  of  use)  and  between  and  within  patients 
(depending  on  disease  type,  severity,  and  stability). 
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Dosing  Strategies  for  Aerosol  Delivery  to  the 
Lung  Parenchyma,  with  Specific  Recommendations 

for  Pentamidine 

Heinrich  Matthys  MD  and  Rosa  Herceg  MD 


Factors  Affecting  Delivery  and  Deposition 

Particles  with  a  mass  median  aerodynamic  dia- 
meter (MMAD)  of  1-3  pii  are  optimal  tor  drug  dep- 
osition in  the  peripheral  airways  and  the  alveolar 
space.  Because  of  the  relationship  between  radius 
and  \olume  (V  =  r'  )  larger  particles  contribute 
more  to  the  mass  of  an  aerosol  and  hence  to  therapv 
than  do  smaller  droplets.  The  efficiency  of  aerosol 
therapy  depends  on 

•  physiocochemical  properties  of  the  solution. 

•  aerosol  generator  and  propellant. 

•  application  and  connection  system. 

•  breathing  pattern  and  airway  geometry. 

•  regional  distribution  of  deposition. 

•  local  drug  clearance  and  elimination,  and 

•  biologic  properties  and  drug  side  effects. 

Physicochemical  Properties  of  the 
.\erosol  Solution 

For  solutions  with  the  physicochemical  prop- 
erties of  water,  it  is  eas\   to  measure  MMAD  for 
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most  nebulizers.  However,  with  pentamidine  solu- 
tions, the  physical  properties  change  according  to 
the  concentration  (viscosity  of  300-mg  solution  = 
1.19.  and  the  600-mg  solution  =  1.37.  in  relation  to 
water).  Therefore  we  obtain  different  particle  spec- 
tra for  different  amounts  of  pentamidine  dissolved 
in  the  same  amount  of  w  ater.  With  increasing  neb- 
ulization  periods  (thus,  increased  inhalation  time) 
the  pentamidine  solution  generally  becomes  more 
viscous,  which  leads  to  a  decrease  in  pulmonary 
deposition  fraction.  This  is  especially  true  for  ultra- 
sonic nebulizers,  which  are  more  affected  by  the 
viscosity  of  the  solution  than  are  jet  nebulizers. 

Table  1  shows  the  percent  change  in  lung  dep- 
osition due  to  the  higher  viscoelastic  propeities  of 
solutions  of  600  mg  compared  to  300  mg  of  pen- 
tamidine in  6  niL  water  aerosolized  with  an  ultra- 
sonic nebulizer  (Portasonic.  DeVilbiss  Health  Care 
Inc)  and  two  jet  nebulizers  Pari  IS  2  and  Respir- 
gard  II  (Marquest  Medical  Products  Inc).  With  the 
Poilasonic,  after  20  minutes  of  inhalation  of  the 
300-mg  pentamidine  solution,  a  pulmonary  deposi- 
tion of  46.9  mg  was  obser\ ed.  which  decreased  to 
16.9  mg  with  the  60()-mg  solution.  On  the  other 
hand,  with  the  mechanical  nebulizer  Pari  IS  2  we 
observed  an  increase  in  pulmonary  deposition  from 
10  to  43.7  mg  and  with  the  Respirgard  II  from  13.3 
to  25.3  mg  with  increasing  pentamidine  concentra- 


tions.   Table 


shows  different  amounts  of  pul- 


monary deposition  with  different  nebulizers,  oper- 
ating characteristics,  and  breathing  patterns.''' 
From  this  data  it  appears  clear  that  when  drugs  in 
solution  change  the  physicochemical  properties  of 
the  solution  relative  to  water,  the  change  can  lead 
to  completely  different  particle  spectra  and  hence 
different  deposition  patterns  as  a  function  of  the 
viscoelastic  properties  of  the  solution.  The  phy- 
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Table  I .  DiMnbulion  ol  Inhaled  Aerosolized  PeiUamidine  w  ithiii  the  Lung.  Deleeted  by  Radioactive  Tracer  in  6  Subjects* 


Nebulizer 


300-mg  Pentamidine  Isethionate  in  6  niL  H;0  %  (SD) 


Respirgard  II 


Pari  IS  : 


Portasonic 


Lung  deposition 
Tracheal 
Central 
Peripheral 
Upper  fields 
Lower  fields 


13.32  mg=  100% 
2.16(0.41) 

50.67  (3.62) 

47.33  (3.72) 
44.17(4.36) 
55.83  (4.36) 


10.02  mg=  100% 
3.40  (0.89) 
49.60  (3.44) 
47.60(2.70) 
46.20(3.03) 
53.80(3.03) 


46.92  mg=  100% 

3.47  (2.74) 
51.00(4.47) 
46.45  (4.29) 
46.67  (3.39) 
53.33  (3.89) 


Nebulizer 


Respirgard  II 


600-mg  Peiii.iiiiidine  Kethionale  in  6  ml.  H:0  %  (SD) 


Pari  IS  2 


Portasonic 


Lung  deposition 
Tracheal 
Central 
Peripheral 
Upper  fields 
Lower  Fields 


25.28  mg=  100% 

2.21  (0.38) 
53.26(4.62) 
47.33(3.02) 
46.17(5.16) 
53.55  (3.66) 


"Adapted,  with  permission,  from  Reference  I. 


43.68  mg=  100% 

4.08(0.62) 
49.60(3.44) 
54.35  (4.48) 
46.67(1.53) 
53.33(1.53) 


16.92  mg=  100%. 
5.16(0.18) 
51.00(4.47) 
60.4!  (5.52) 
54.06(3.16) 
46.19(1.42) 


sicochemical  properties  (pH  and  osmolarity)  also 
determine  the  number  and  intensity  of  side  effects. 
For  example,  large  particles  deposited  in  the  la- 
ryngotracheal region  trigger  the  cough  letlex.  Dis- 
tilled water  leads  to  bronchial  constriction,  es- 
pecially in  asthmatic  patients.  This  is  the  reason 
why  bronchodilator  inhalation  prior  to  small- 
droplet  aerosol  therapy  reduces  cough  and  bron- 
choconstriction  resulting  from  the  inhalation  of  aer- 
osols of  different  medicaments.  ~ 

Aerosol  Generators  and  Propellants 

Most  aerosol  generators  are  either  of  mechanical 
(jet)  or  ultrasonic  design.  The  mist  density  of  ultra- 
sonic nebulizers  is  generally  greater  than  that  of  the 
jet  nebuli/ers.  As  ncbuli/ation  (and  thus  iiihalalion) 
time  iiicicascs.  the  piohlciiis  associated  wiili  acro- 
soli/.ation  of  highly  viscous  drug  solutions  in- 
crease. We  have  observed  that  the  performance  of 
both  mechanical  (jet)  and  ultrasonic  nebuli/ers  are 
affected,  pailicularly  when  they  are  used  rcpealedlv 
without  adequate  serv  ice.  The  particle  spectra  can 
also  be  changed  by  the  presence  of  spacers  and  baf- 


fles used  to  facilitate  inhalation  and  to  avoid  disper- 
sal of  bigger  particles  generally  deposited  in  the 
outlet  tubings  and  upper  airways  of  the  patient  (Ta- 
ble 2) 


\  ^ 


Application  and  Connection  Systems 

Aerosols  for  lung  deposition  should  always  be 
adtninistered  through  a  mouthpiece  because  the 
nose  is  an  excellent  aerosol  filter.  When  a  face 
mask  is  used,  breathing  through  the  nose  shouki  be 
avoided  by  applying  a  nose  clip.  Longer  mouth- 
pieces increase  comfort  and  dead  space  and  de- 
crea.se  the  delivery  of  bigger  particles  with  their  re- 
lated side  effects.  .Some  nebuli/ers  deposit  a  great 
deal  of  medicalion  in  the  connection  svslem,  es- 
peciallv  u  hen  aerosoli/ation  is  cotttinuous  rather 
than  being  triggeied  b\  the  inhalation  maiietixer. 
Such  triggers  e.xist  for  the  FlSONeb  and  Pari  IS  2, 
for  example,  but  not  for  the  Respirgard  II  and  Por- 
tasonic. The  extracorporeal  deposition  in  the  tub- 
ing, ncbuli/er  svslem.  storage  bag,  expiraloiv  fil- 
ters, and  \alves  is  generally  greater  than  the  total 
corporeal  deposition  (Table  3), 
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Tabic  3.  Corporca 

and  Extracorporeal  Distrihiitioii  ol  Inhaled  IVnlaniidine  Delected  b\  Radioactive  Tracer* 

3()0-mg  Pentamidine  Isethionate  in  6  niL  H;0 

Nebulizer 

Respirgard  11                                      Pari  IS  2                                       Portasonic 

Lung  deposition  '^ 
Oropharynx  '/c 
Stomach  'f 
Extracorporeal  %t 


Nebulizer 


4.44(1.89)  .T03(l.36)  1.S.64  (5.73)+ 

0.18(0.9)  0.82(0.92)  0.56(0.31) 

0.15(0.09)  1.70(3.03)  2.14(1.01) 

95.30(5.61)  94.50(5.16)  81.80(4.92) 

600-mi;  Pentaniidme  Isethionate  in  6  ml,  H-O 


Respirgard  II 


Pari  IS  2 


Portasonic 


Lung  deposition  % 
Oropharynx  % 
Stomach  Vr 
Extracorporeal  % 


4.38(1.78) 

0.20  (0.07) 

0.18(0.09) 

95.20(5.61) 


7.27(9.14) 

0.38  (0.20) 

0.82(1.12) 

91.50(7.67) 


2.82(1.04) 

0.42(0.13) 

1.70(0.90) 

95.10(7.19) 


*Adapted.  with  permission,  from  Reference  1.  Values  are  mean  (SD). 

T  p  <  0.05. 

i  Extracorporeal  =  remaining  percentage  deposited  in  aerosol  generator,  tubes,  and  filters. 


Regional  Aerosol  Deposition 

In  normal  subjects,  the  total  coiptneal  deposition 
is  known  to  vary  e\en  v\ith  the  same  nebulizer."* 
Stomach  deposition  increa.ses  with  airway  re- 
sistance and  aerophagia  due  to  dyspnoea.  The 
amount  of  oropharyngeal  deposition  reflects  main- 
ly the  particle  size  and  high  inspiratory  flowrates. 
Central  bronchial  deposition  increases  with  in- 
creasing particle  size  (5-iO  pn)  and  airway  ob- 
struction. Upper-  and  lower-lung-field  deposition  is 
equal  if  the  aerosol  is  inhaled  during  slow-vital- 
capacity  breathing.  Normal  tidal  breathing  at  func- 
tional residual  capacity  increases  lower-lung-field 
deposition.  This  may  be  the  reason  that  Pneu- 
mocystis ctirinii  pneumonia  (PCP)  has  been  ob- 
served in  the  upper  lung  fields  despite  pentamidine 
prophylaxis."" 

Local  Drug  Clearance 

Pulmonary  drug  clearance  depends  on  the  dep- 
osition site  of  the  aerosol  in  the  respiratory  tract. 
the  physiologic  properties  of  the  drug,  and  the  local 
disease  state.  Active  transport,  passive  diffusion, 
phagocytosis,  storage  of  the  drug  in  cells  (macro- 
phages), and  regional  (lymphatic,  arterial,  and  \e- 


nous)  tissue  perfusion  determine  recycling  and  lo- 
cal action  of  the  drug  (Fig.  1).  Bronchial  deposi- 
tion with  local  absorption  in  the  central  airways 
leads  to  recirculation  through  the  right  heart  or  di- 
rectly into  the  alveolar  capillaries,  a  mechanism 
that  seems  to  be  important  for  bronchodilator  ther- 
apy with  betan  agonists.  Alveolar  deposition  and 
diffusion  into  the  pulmonary  circulation  (vasa 
publica)  lead  to  dilution  of  the  substance  in  the 


Bronchial 
deposition 


Bronchial  circulation 
anastomosing  with 
pulmonary  circulation 


Alveolar 
deposition 


Fig.  1.  Recycling  possibilities  in  the  bloocj  of  (deposited 
particles  in  the  bronchial  tree  an(j  the  alveolar  space. 
Bronchial  deposition  leads  mainly  to  absorption  anid  (jilu- 
tion  of  the  particles  into  the  pulmonary  circulation:  alveo- 
lar deposition  leads  to  absorption  and  dilution  into  the 
systemic  circulation. 


RESPIRATORY  CARE  •  SEPTEMBER   9 1  Vol  .36  No  9 


991 


AEROSOL  DELIVERY  TO  THE  LUNG  PARENCHYMA 


systemic  circulation  before  recycling  of  the  drug 
into  the  puhnonary  artery  is  obser\ed.  This  re- 
circulation generally  has  no  additional  effect  and 
seems  to  be  unimportant  for  aerosolized  drug  de- 
liver) to  the  lung  parenchyma.  Pentamidine  has  a 
half  life  of  about  1  month  in  the  lung.  The  mech- 
anism of  its  extraordinary  selectivity  for  the  lung 
by  aerosol  routes  is  miknown. 

Biologic  Properties  and  Drug  Side  Effects 

Pcniamiduic  shous  a  high  preference  for  the 
lung  parenchyma  when  applied  b\  aerosol  in  con- 
trast to  intra\cnt)us  or  iiral  administration.  Thus,  af- 
ter aerosol  application,  the  pentamiduic  concentra- 
tion in  the  lung  has  been  found  to  be  10- 100  limes 
higher  than  after  intravenous  administration.  Bron- 
choaUeolar  lavage  (BAL)  measurements  showed 
concentrations  of  about  7(){)  ng/mL.'' '  This  special 
affinity  of  pentamidine  leads  to  therapeutic  con- 
centrations o\er  weeks  and  to  an  accumulation  of 
the  drug  in  the  lung  when  gi\en  at  weekly  or 
monthly  intervals  (Fig.  2^).  Despite  the  often  in- 
efficient application  of  pentamidine  by  different 
nebuli/ers  and  poor  patient  compliance,  this  se- 
lecti\e  accumulation  in  the  lung  makes  the  drug 
ideal  for  aerosol  therapy.  It  probabl\  also  explains 
the  high  protective  effect  of  inhaled  pentamidine 
against  Pneumocystis  carinii  infection  and  the  low 
therapeutic  effect  against  /'  carinii  pneumonia. 
Aerosolized  pentamiduic  produces  few  side  effects. 


Fig  2.  Mean  concentrations  of  pentamidine  (.i/g/g)  In  var- 
ious organs  of  the  rat  at  Day  1  after  administration  of  a 
single  dose  by  aerosol.  (Reprinted,  with  permission,  from 
Reference  8.) 


and  has  almost  no  apparent  effect  on  other  organs 
(Table  4").  The  possible  mechanisms  of  the  se- 
lective pentamidine  accumulation  m  th  lung  de- 
serve investigation  to  de\elop  more  drugs  for  se- 
lective aerosol  therapy  of  the  lung. 

Therapeutic  Relapses 

Noncompliant  patients  are  most  frcqucntK  drug 
abusers.  Noncompliance  was  the  main  cause  of 
therapeutic  relapses  in  a  controlled  stud>  with  24 
patients  on  primary  and  16  on  secondary  pro- 
phylactic pentamidine  treatment.  .All  had  CD-4 
l\mphoc\tc  counts  below  200///L.  Fncuiiiocystis 
carinii  pneumonia  was  obser\ed  only  in  the  pa- 
tients who  did  not  show  up  regularly  for  the  treat- 
ment sessions. 

We  ha\e  obser\ed  that  inadequate  aerosol  ap- 
plication often  occurs  with  inexperienced  and  un- 
instructed  patients  on  home  treatment  on  a  "do-it- 
yourself"  basis. 

A  complete  breakdown  of  the  immune  s\stem 
and  recurrent  PCP  increase  the  risk  of  relapses  (Ta- 
ble 5''}.  PCP  was  fitr  a  long  time  the  most  common 
cause  of  death  and  pneumonia  in  imnumocom- 
promised  patients.  Pentamidine  aerosol  proph\laxis 
has  lead  to  a  PCP  rcductit)n  to  the  extent  that  toda\ 
cytomegalovirus,  mvcobacterioses.  and  fungal  in- 
fections including  toxoplasmosis  may  have  beci>me 
the  more  frequent  ct)mplications  in  AIDS  patients 
and  other  immunocompromised  subjects. 

P  carinii  resistance  to  pentamidine  has  not  been 
described,  and  it  is  not  knov\n  whether  such  re- 
sistance is  developing.  Aerosol  therapy  \\n  man- 
ifest PCP  is  obviously  less  effective  than  \\n  pvo- 
phylaxis.  and  PCP  requires  additional  ircalment 
with  oral  or  inlra\cnous  cotrimoxa/olc  or  pen- 
tamidine. A  loaillng  dose  of  weekly  aerosoli/cd 
pentamidine  (.lOO  mg)  m  the  first  month  is  recom- 
mended. 

In  Conclusion 

The  pentamidine  concentration  of  choice  for 
PCP  prophylaxis  in  patients  with  a  helper- 
lymphocyte  CD-4  count  below  2()()/uL  is  .^00  mg  in 
6  niL  of  distilled  water.  In  our  experience,  the  in- 
halation time  of  20  minutes  can  be  reduced  to  .'S-IO 
min  without  a  loss  ol  security  if  \  ital  capacity 
breathing  (rather  ihaii   normal   tidal   breathing)   is 
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Table  4.  Side  Effects  Associated  with  Aerosolised  Pentamidine  Inhalation  Assessed  Lsnig  Visual  Analogue  Scales* 


Side  Effect 

Respirgard  II 

Centiniist 

System  22  Mi/er 

Mizer-Separator 

Mizer-Optimist  2 

FISONeb 

Portasonic 

Samsonic 

Brcalhless- 

9(5)t 

11  (4) 

35  (8)? 

5(2) 

6(1) 

11  1 3 ) 

30  (Si 

19(7) 

ness 

Nausea 

8(5) 

9(2) 

32  (8) 

4(ll 

10(6) 

22(101 

40(10)$ 

II  (5) 

Burnini; 

8(2) 

21  (7) 

62  (5)? 

10(6) 

16(10) 

45(10) 

63(8) 

17(9) 

Taste 

34(5) 

52(5) 

70(18)? 

15(4) 

19(7) 

61  (8)t 

73(7) 

30(8) 

Overall 

31(5) 

39(7) 

71  (5)4 

II  (3) 

29(9) 

47(7) 

70  (6)? 

30(7) 

impression 

*Adapted.  with  permission,  from  Reference  2. 

t  Analogue  scale  values  range  from  0  and  100.  uith  higher  numbers  indicating  more  marked  side  effects.  Values  are  mean  (SD). 

+  p  <  0.05  vs  Respirgard  II  by  Wilcoxon  rank  sum  lest. 


performeci  with  an  inspiraton  aerosol  (demand  sy.s- 
tem.  Such  a  nebuli/cr  system  with  a  storage  bag  of 
about  5-10  L  reduces  1 1  i  the  amount  of  drug  need- 
ed. (2)  costs,  and  (3)  side  effects.  The  vital  capacity 
breathing  pattern  appears  also  to  reduce  the  in- 
cidence of  PCP  upper-lobe  involvement  in  patients 
receiving  proph\la\is  with  aerosolized  penta- 
midine. 

Ultrasonic  and  jet  nebulizeis  that  allow  lung  de- 
position of  at  least  5-mg  pentamidine  per  session 
every  month  are  sufficient  for  PCP  prophylaxis. 
Pulmonary  deposition  is  best  assessed  with  radio- 
active tracers  added  to  the  nebulizer  solution.  Di- 
rect measurements  on  patients  give  better  clinical 
information  than  in-\itro  studies  on  lung  models. 
The  nebulizer  characteristics  are  less  important 
than  regular  and  well-guided  aerosol  application 
because   aerosolized   pentamidine   accumulates   in 

Table  5.  Number  and  Percent  of  Pneiimocyslis  ccirinii  Pneu- 
monia (PC"P)  Relapses  as  a  Function  of  Previous 
PCP  Episodes* 


Number  C/f )  of  Previous      PCP        Episodes 


Patients  under 
pentamidine 
prophylaxis 

Numt)er  of 
relapses 
(%) 


241 


8(3) 


70 


5(7) 


19 


4(21) 


*  Adapted,  with  permission,  from  Reference  9. 


the  lung  selectively  to  levels  10-100  times  higher 
than  those  attained  by  intravenous  administration.  It 
is  not  likely  that  other  drugs  like  nba\irin.  alpha,- 
antitrypsin.  and  especially  conventional  antibiotic 
aerosols  will  be  as  easy  to  handle  as  are  pentami- 
dine aerosols. 
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Aerosol  Therapy  in  Children 

R  Micliacl  Slv  MD 


Introduction 

Therapeutic  aerosols  prescribed  for  children 
comprise  beta-adrenergic  agonists,  antimuscarinics. 
cromolyn  sodium,  adrenal  corticosteroids.  anti\iral 
agents,  antibiotics,  mucolytics,  and  pentamidine. 
Established  efficacy  and  safety  \ary  widely  among 
different  compounds. 

Published  evidence  of  efficacy  and  safety  rec- 
ommends use  of  many  of  these  drugs  in  children 
despite  lack  of  labeling  as  safe  and  effective  in 
children  because  insufficient  data  have  been  sub- 
mitted to  the  United  States  Food  and  Drug  Ad- 
ministration (FDA).'  Lack  of  approval  by  the  FDA 
should  not.  however,  be  misconstrued  as  dis- 
approval. Clinicians  who  prescribe  for  children 
should  avoid  the  use  of  drugs  contraindicated  be- 
cause research  has  indicated  lack  of  safety  or  ef- 
ficacy in  children,  but  optimal  management  often 
requires  the  use  of  drugs  not  labeled  for  use  in  chil- 
dren. The  dosages  of  such  drugs,  and  the  appropri- 
ate precautions,  must  be  determined  by  published 
evidence  and  expert  opinion.' 

Beta-Adrenergic  .Agonists 

There  is  general  agreement  that  inhaled  beta- 
adrenergic  aeonists  are  the  treatment  of  choice  for 
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acute  asthma  m  children  as  well  as  adults.^  In- 
haled beta  agonists  are  at  least  as  effective  as  epi- 
nephrine administered  by  subcutaneous  injection, 
and  inhalation  therapy  elicits  fev\er  adverse  ef- 
fects.'*-'" 

However,  there  is  much  less  agreement  about  op- 
timal dosage  for  children."'  This  uncertainty  is  due 
to  a  dearth  of  dose-response  studies  in  children  and 
lack  of  labeling  for  use  in  children. 

Treatment  of  acute  asthtna  in  children  6-17  years 
of  age  with  nebulized  albuterol.  0.15  mg/kg  (maxi- 
mum 5  mg)  followed  by  0.05  mg/kg  (maximum  1.7 
mg).  every  20  minutes  t\ir  2  hours  is  safe  and  ef- 
fective." The  0.5'^f  albuterol  solution  was  diluted 
with  2  mL  0.9''^  saline,  and  administered  through  a 
Hudson  L!p-Draft  II  Neb-U-Mist  nebuli/er  uith  a 
continuous  oxygen  flow  of  5-6  L/min.  Improve- 
ment in  FEV|  and  in  wheezing  was  significantly 
better  than  in  children  who  received  0.15  mg/kg 
every  hour  in  this  parallel  study. 

Treatment  with  the  larger  dose  of  0.15  mg/kg 
(maximum  5  mg)  every  20  minutes  for  2  hours  is 
even  more  effective  and  nearly  as  safe.'-  Compari- 
son of  this  regimen  with  0.15  mg/kg  followed  b> 
0.05  mg/kg  every  20  minutes  in  a  randomi/ed.  dou- 
ble-blind study  of  5-  to  17-\eai-old  children  dis- 
closed significantly  better  imprinement  in  FEV, 
with  the  larger  dosage.  Albuterol  was  diluted  with 
}  mL  ().99f  saline  and  delivered  by  a  WhisperJet 
nebidizer  at  a  tlowrate  of  6-7  L/min  with  a  face 
mask.  There  was  no  significant  difference  in  the  in- 
crease in  mean  heart  rates  in  the  two  groups  ( 16% 
in  the  high-dt)se  group,  209f  in  the  low-dose 
group).  .Serum  potassium  concentrations  decreased 
a  mean  of  19-20%  in  both  groups.  Eight  children  in 
the  high-dose  group  and  four  in  the  low  -dose  group 
experienced  tremor  and  hyperactiv  ity:  three  in  the 
high-dose  group  and  one  in  the  low-dose  group 
vomited. 

An  even  larger  dose  otO  3  mg/kg  (maximum  10 
mg)  is  more  effective  than  0.15  tnc/kg  (maximum 
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5  mg)  and  apparentls  sate  when  adiiiinisicrcti  three 
times  at  liouils  iiitei\als.' '  Albuterol  was  diluted 
uith  ().9'r  saline  to  3.5-4.5  niL  and  administered 
b\  WhisperJet  nebulizer  and  taee  mask  at  an  oxy- 
gen flowrate  ot  6-7  L/min.  The  randomized,  dou- 
ble-blind study  ot"  5-  to  17-year-old  children  with 
acute  asthma  and  initial  FEV,  less  than  6()'^f  pre- 
dicted normal  disclosed  significantly  better  im- 
proNcment  in  FEV,  at  the  higher  dosage.  Heart 
rates  increased  a  mean  of  347c  in  the  high-dose 
group  and  25%  in  the  lower-dose  group.  Serum  po- 
tassium concentration  decreased  a  mean  of  259^  in 
the  high-dose  group  and  22' ^  at  the  lower  dosage. 
There  were  no  cardiac  arrh\  thmias. 

Administration  of  inhalation  therapy  at  intervals 
of  20  minutes  approaches  continuous  nebulization, 
but  there  have  been  no  controlled  studies  of  con- 
tinuous nebuli/ation  treatment  in  children.  Un- 
controlled studies  of  contmuous  nebulization  of  ter- 
butaline  in  children  have  indicated  safety  and 
effectiveness.'"*'"'  A  retrospective  study  of  re- 
sponses of  12  children  with  severe  asthma  (pro- 
gressive despite  treatment  with  subcutaneous  in- 
jections of  epinephrine,  intermittent  inhalation  of 
beta  agonists,  and  intravenous  theophylline  and  ad- 
renal corticosteroids)  disclosed  improvement  in 
blood  gases  and  respiratory  rates  with  decreases  in 
pulse  rates  when  the  children  v\ere  treated  with 
continuous  nebulization  of  terbutaline.''*  The  chil- 
dren. 2-13  years  of  age.  received  do.ses  of  1-12  mg 
terbutaline  per  hour  by  face  mask  and  Intec  neb- 
ulizer with  oxygen  tlowrates  of  5-10  L/min  ad- 
justed so  that  nebuli/ation  of  I4  of  each  hourly  dose 
lasted  15  minutes.  Continuous  nebulization  was  ad- 
ministered for  I-  24  hours.  There  were  no  adverse 
effects. 

Analysis  of  the  results  of  treatment  of  acute  asth- 
ma with  impending  respiratory  failure  in  19  chil- 
dren. 1-14  years  of  age,  during  27  admissions  to 
the  hospital,  also  confirmed  the  safety  and  efficacy 
of  continuous  nebulization  of  terbutaline.'^  Treat- 
ment had  included  intravenously  administered 
methylprednisolone  and  theophylline  and  nebulized 
terbutaline.  2  mg.  at  hourly  inter\als.  Terbutaline 
was  nebulized  at  a  rate  of  4  mg/hour  with  an  ap- 
paratus that  consisted  of  an  intravenous  pump  that 
delivered  the  solution  from  a  burette  to  a  Raindrop 
nebulizer  driven  b\  an  oween  flowrate  of  6  L/min. 


Nebuli/ation  continued  for  3-37  hours.  Mean  heart 
rates.  PaCO:,  and  clinical  asthma  scores  decreased. 
There  were  no  adxerse  effects  w ith  the  possible  ex- 
ception of  transient  aberrantly  conducted  beats  in  a 
single  patient  without  any  change  in  heart  rate  or 
blood  pressure. 

Others  have  described  use  of  a  pressure-line 
adapter  to  connect  a  WhisperJet  nebulizer  to  a  face 
mask  and  deli\ery  of  solution  from  an  infusion 
pump  to  the  elbow  of  the  pressure-line  adapter  to 
facilitate  administration  of  continuously  nebulized 
albuterol.'^  No  data  ha\e  been  published  to  verify 
effecti\eness  in  children  of  the  single  .system  for 
continuous  nebulization  a\ailable  commercially — 
HE.-XRT  Large  Volume  Medication  Nebulizer. 

There  has  been  only  a  single  dose-response 
study  of  nebulized  terbutaline  in  children."  The 
study  of  20  children.  8-17  years  of  age,  indicated 
that  doses  of  0.2,  0.3,  and  0.4  mg/kg  (maximum  20 
mg)  were  safe  and  effective,  but  single  doses  of  0.4 
mg/kg  were  repeated  only  once  at  4  hours  in  4  chil- 
dren. 

Nebulized  albuterol  is  safe  and  effecti\e  for  the 
treatment  of  asthma,  even  in  most  infants  as  young 
as  5-24  months  of  age  at  a  dose  of  0. 1 5  mg/kg  di- 
luted with  3  mL  normal  saline  (WhisperJet  neb- 
ulizer, oxygen  flowrate  6  L/min ).'^ 

Much  smaller  doses  of  albuterol  are  effective 
when  deli\ered  by  metered  dose  inhaler  (MDI). 
Doses  of  200  /ug  can  elicit  bronchodilation  for  as 
long  as  6  hours  without  significant  adverse  effects 
in  children  9-16  years  of  age.'' 

Protection  against  induction  of  bronchoconstric- 
tion  may  have  greater  relevance  to  clinical  value  of 
a  drug  than  duration  of  bronchodilation  after  ad- 
ministration of  the  beta  agonist,  which  may  be  due 
partly  to  failure  of  bronchoconstriction  to  recur  af- 
ter its  relief.  Periodic  challenge  with  exercise,  for 
example,  has  indicated  that  inhaled  albuterol  (200 
/ig,  MDI)  can  prevent  exercise-induced  broncho- 
constriction in  many  asthmatic  children  for  as  long 
as  6  hours  after  treatment,-"  whereas  inhaled  meta- 
proterenol  (1.300  yUg  via  MDI)  does  not  protect 
most  as  long  as  2  hours.-"-' 

Use  of  a  spacer  tube  or  chamber  can  enhance  de- 
livery of  beta  agonists  to  the  lungs  in  children  w  ith 
poor  technique  in  use  of  MDIs,"  although  most  de- 
vices offer  no  advantage  to  children  v\ith  proper 
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technique.-'  Comparison  of  responses  to  slow  in- 
halation of  alhuteroi.  2{)()  //g.  from  an  MDI  fol- 
lowed by  breath-holding  in  20  asthmatic  children 
w  ith  inhalation  from  InspirEase,  Aerochamber,  and 
an  aert)sol  bag  that  consisted  of  a  plastic,  1 -quart 
storage  bag  with  a  mouthpiece  at  one  corner  within 
which  the  MDI  was  actuated,  disclosed  similar 
bronchodilation  for  all  4  methods  of  delivery.--  Use 
of  the  chambers  elicited  significantly  better  im- 
pro\emenl  in  FEV,  than  the  MDI  alone  in  6  pa- 
tients with  poor  coordination  of  inhalation  u ith  ac- 
tuation of  the  MDI  or  shallow  inspirations  and 
failure  to  hold  the  breath. 

Such  chambers  also  permit  use  of  MDIs  in  chil- 
dren as  young  as  3  years  of  age.-"*-^  Fitting  a  cham- 
ber with  a  face  mask  can  permit  effecti\e  delivery 
of  medication  from  an  MDI  to  e\en  younger  chil- 
dren. Significant  improvement  in  specific  con- 
ductance followed  inhalation  of  ipratropium  bro- 
mide from  a  face  mask  attached  to  a  Nebuhaler  in  7 
of  8  w  hee/ing  infants.  6- 1  .^  months  of  age.-" 

Use  of  a  750-niL  cone  spacer  can  improve  re- 
sponse to  inhaled  beta  agonists  in  asthmatic  chil- 
dren. A  randomized,  double-blind,  crossover  study 
of  inhalation  of  fenoterol.  200  ,ug.  from  an  MDI 
with  7.^0-mL  cone  spacer,  and  from  an  air-dri\en 
Bennett  nebulizer  with  airflow  6-8  L/min  in  10 
asthmatic  children  (7-18  years  of  age),  disclosed 
significantly  better  improvement  in  FEV,  after  in- 
halation from  the  spacer  than  w  ith  either  of  the  oth- 
er methods.-  There  was  no  significant  difference 
between  responses  to  use  of  the  MDI  alone  and 
nebuli/alion  of  the  same  dose. 

Treatment  of  acute  asthma  in  children  by  MDI 
with  the  7.S()-mL  Nebuhaler  may  also  be  more  ef- 
fective than  by  nebulization.  In  a  double-blind. 
crossoNcr  study  of  21  children  (ages  7-14  years) 
each  received  terbutaline.  0.1  mg/kg  by  MDI  with  a 
Nebuhaler  or  by  nebulization  of  terbutaline  solu- 
tion (Pari  Inhalier  Boy.  flow  6  L/min.  nebulization 
synchronized  with  inhalation).-^  Each  crossed  over 
to  the  other  treatment  6  hoins  later,  or  sooner  if 
FEV,  returned  to  baseline  stH)ner.  Imprinement  in 
FEV,  was  significantly  better  after  treatment  by 
Nebuhaler  and  preferred  by  most  children  because 
it  took  less  time. 

The  high  frequency  of  im|iroper  technique  in  the 
use  of  MDIs  anil  concern  about  |ioientiall\  adxerse 


effects  of  chlorotluorocarbon  propellants  have  en- 
couraged de\elopment  of  alternative  modes  of  ad- 
ministration of  beta  agonists  by  inhalation.  Beta  ag- 
t)nists  available  as  dry  powders  for  inhalation  have 
been  evaluated  in  children.  A  rapid  inhalation  from 
either  residual  \  olume  or  functional  residual  capac- 
ii\  is  optimal,  unlike  optimal  inhalation  from  an 
MDI.  which  requires  slow  inhalation.-'' "'  Tilting 
the  head  back  during  inhalation  and  breath-holding 
for  10  seconds  alter  inhalation  do  not  improve  re- 
sponse Ui  the  dry  powder. 

A  randomized,  double-blind,  crossover  study  of 
terbutaline,  500  jjg  3  times  each  day  by  Turbuhaler 
and  MDI  2  weeks  each,  in  children  6- 1 8  years  of 
age,  disclosed  no  significant  differences  in  symp- 
toms or  mean  peak  expiratoiA  tlowrates  measured 
twice  daily  before  and  after  treatment."  Use  of  the 
dry  powder  inhaler  was  as  effective  as  use  of  the 
MDI. 

However,  evaluation  of  response  to  inhalation  of 
salbutamol.  200  f.ig.  by  Rotahaler  in  15  asthmatic 
children.  7-14  years  of  age.  indicated  significantly 
less  improvement  in  FEV,  for  inhalation  at  30-50 
L/min  than  at  60-120  L/min.-'  Peak  inspiratory 
tlowrates  during  acute  airway  obstruction  were  less 
than  50  L/mm  in  '•)  of  13  asthmatic  children  6-12 
years  of  age.  indicating  that  they  could  expect  less 
than  optimal  response  to  inhalation  of  salbutamol 
by  Rotahaler  at  such  critical  times.-"  Although  the 
mechanism  of  leduced  rcsponsi\eness  to  sal- 
butamol delivered  b\  Rotahaler  at  slow  tlowrates  is 
unknown,  this  may  limit  its  use  in  young,  asthmatic 
children. 

Furthermore,  it  may  prove  difficult  for  patients 
who  are  receiv ing  two  different  drugs  by  inhalation 
to  master  and  to  use  regularly  two  entirely  different 
inhalation  techniques. 

Antiinuscarinics 

Ipratropium  bromide  has  been  studied  more  ex- 
tensively than  any  other  anlinuiscarinic  in  asthmat- 
ic children.  Although  the  importance  of  aiilimus- 
carinics  in  the  treatment  of  asthma  remains  un- 
certain,'- ipratropium  can  cause  bronchodilation  in 
some  asthmatic  children."  '■*  Administration  of 
nebulized  ipratropium  at  doses  that  ranged  from 
125-1.000  Uii  to  asthmatic  children  5-14  vears  of 
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age  eliciicd  mean  increases  in  FEV,  of  30-60% 
within  5  minutes,  maintained  tor  at  least  ^)()  min- 
utes.'' There  were  no  ad\erse  effects. 

A  randomized.  double-bHnd.  crosso\er  study  of 
responses  to  nebulized  ipratropium  bromide  in 
asthmatic  children  9-17  years  of  age  disclosed 
dose-dependent  bronchodilalion  that  was  sig- 
nificant at  75  //g.  with  a  similar  response  to  250 
/jg.''*  Signilicaiil  improvement  in  FEV,  occurred 
within  15  minutes  and  peaked  at  45  minutes.  There 
were  no  side  effects. 

.Addition  of  nebulized  ipratropium  to  treatment 
with  nebulized  albuterol  can  elicit  further  unprove- 
nient  in  children  treated  for  acute  asthma,  at  least 
when  less  than  maximal  doses  of  albuterol  are 
used.  In  a  randomized,  double-blind,  parallel  group 
study  of  25  children  with  acute  asthma,  both 
groups  received  nebulized  albuterol.  0.15  nig/kg 
(maximum  5  mg)  followed  by  0.05  mg/kg  (maxi- 
mum 1.7  mg)  at  intervals  of  20  minutes  by  neb- 
ulization  for  2  hours.'"'  At  60  minutes,  ipratropium 
bromide.  250  j.ig.  was  also  administered  to  one 
group.  lmpro\ement  occurred  in  both  groups,  but 
addition  of  ipratropium  elicited  significantly  great- 
er improvement  in  FEV,  within  60  minutes.  There 
were  no  adverse  effects  except  for  tremor  ascribed 
to  albuterol. 

Nebulized  ipratropium,  250  j.ig.  is  also  safe  and 
effective  in  the  treatment  of  acute  airway  obstruc- 
tion in  infants  3-32  months  of  age.""  Specific  con- 
ductance improved  by  more  than  15%  in  5  of  16  in- 
fants less  than  13  months  of  age.  with  no  adverse 
effects  of  ipratropium. 

Cromolyn  Sodium 

Cromolyn  sodium  is  available  as  a  solution  for 
nebulization  (20  mg/2  niL),  as  an  aerosol  for  de- 
livery from  an  MDI  ( 1  mg/actuation).  and  as  a  dry 
powder  (20  mg/capsule)  for  inhalation  from  the 
Spinhaler.  Experience  with  adults  suggests  equiv- 
alence of  20  mg  delivered  by  Spinhaler  and  2  mg 
delivered  from  MDL' 

A  randomized,  double-blind  study  in  asthmatic 
children  9-14  years  of  age  confirmed  better  pro- 
tection against  exercise-induced  asthma  from  20 
mg  by  Spinhaler  than  from  I  mg  by  MDL'**  The 
small  dose  by  MDI  afforded  significantly  less  pro- 


tection from  the  bronchoconsiricti\e  effect  of  cy- 
cle-ergometer  exercise  15  muiutes  and  2  hinus  af- 
ter inhalation,  and  onl\  the  20  mg  b\  Spinhaler  still 
afforded  some  protection  6  hours  after  treatment,  as 
compared  with  placebo. 

Availability  of  the  nebulizer  solution  has  ex- 
tended this  therapy  to  children  too  young  to  use  the 
Spinhaler.  Deli\ery  of  20  mg  4  times  each  day  to 
2-  to  7-year-old  children  by  Bennett  Twin-Jet  neb- 
ulizer attached  to  a  face  mask  and  dri\en  by  a  Max- 
imyst  compressor  can  elicit  significant  decreases  in 
frequency  and  severity  of  acute  asthma."* 

Ne\ertheless.  25%  or  more  of  patients  treated 
v\  ith  cromolyn  fail  to  impro\  e.  Stud\  of  serum  con- 
centrations of  cromolyn  detennined  by  radio- 
immunoassay after  inhalation  of  cromolyn  powder 
suggests  that  inadequate  inhalation  technique  may 
account  for  many  of  these  failures.""'  Twenty-five 
children.  7-14  years  of  age.  with  chronic  asthma  re- 
cei\ed  cromolyn  powder.  20  mg  4  times  each  day. 
for  8  weeks.  They  were  instructed  to  inhale  the 
cromolyn  after  a  forced  expiration,  to  keep  their 
lips  attached  tightly  to  the  mouthpiece,  to  take  a 
deep,  forceful  inspiration,  and  to  hold  the  breath  for 
10  seconds  afterwards.  After  8  weeks  of  treatment, 
inhalation  technique  was  evaluated  and  blood  was 
sampled  periodically  after  inhalation  of  cromolyn 
for  determination  of  serum  concentrations. 

Serum  cromolyn  concentrations  increased  rapid- 
Iv.  peaking  within  15  minutes  and  returned  almost 
to  baseline  within  2  hours.  Symptomatic  improve- 
ment from  the  2  weeks  before  initiation  of  treat- 
ment with  cromolyn  and  impro\ement  in  mean 
peak  expiratory  Howrates  measured  twice  daily 
correlated  with  peak  cromolyn  concentrations,  con- 
centration 10  minutes  after  inhalation,  and  the  area 
under  the  cromolyn  concentration  time  curve. 
There  was  also  highly  significant  correlation  be- 
tween the  phannacokinetic  variables  and  technique 
of  inhalation,  rated  on  a  scale  of  0  to  3  for  strength 
and  length  of  inhalation,  motivation,  and  posi- 
tioning of  head  and  Spinhaler.  Furthermore,  peak 
cromolyn  concentrations  increased  from  a  mean  of 
19  //g/L  to  64  /ig/L  in  3  of  4  children  with  low 
peaks  v\hen  inhalation  was  repeated  after  re- 
instruction  in  use  of  the  inhaler."*"  Decreased  in- 
spiratory flowrate  due  to  airway  obstruction  can 
also  impair  delivery  of  cromolyn  to  the  lungs,  in- 
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dicating  the  need  for  use  of  a  bronchodilator  before 
treatment  with  cromolyn  in  such  patients,  but  the 
children  in  this  study  were  not  ct)nsidered  severely 
obstructed. 

This  observatit)n  of  correlation  of  response  to 
cromolyn  v\ith  serum  concentrations,  which  in- 
dicates extent  of  deli\ery  to  the  lungs,  provides  a 
basis  for  use  of  doses  larger  than  usual  in  patients 
with  inadequate  responses.*' 

Measurement  of  urinary  cromolyn  concentra- 
tions for  8  ht)urs  after  inhalation  of  cromolyn  in  9 
children.  9-36  months  of  age,  with  frequently  re- 
current wheezing,  suggests  delivery  of  less  than  \% 
of  the  administered  aerosol  to  the  lungs  in  this  age 
group.""  Cromol\n  solution.  20  mg  diluted  to  4  niL 
with  normal  saline,  was  nebulized  by  an  Acorn 
nebulizer  dri\en  by  compressed  air  at  8  L/min  and 
attached  to  a  face  mask.  On  a  different  day.  the 
children  received  the  same  total  dose  from  an  MDI 
via  a  Medic  Aid  multispacer.  Seven  healthy  adults 
also  received  cromolyn  nebulized  by  the  Acorn 
nebulizer  with  face  mask  and  were  instructed  to  use 
tidal  nasal  breathing  from  the  face  mask. 

Cumulative  urinary  excretion  of  cromolyn  was 
significantly  greater  after  nebulization  than  after 
treatment  with  the  spacer  in  the  children  and  sig- 
nificantls  greater  in  the  adults  than  in  the  children 
after  nebulization.  Assuming  cromolyn  excretion  in 
young  children  to  be  similar  to  that  of  adults,  the 
authors  calculated  pulmonary  absorption  of  only 
0.76%  of  the  nebulized  cromolyn  in  the  children 
and  O.-'^O'^f  of  the  dose  deli\ered  to  the  spacer.  The 
very  small  proportion  of  the  drug  absorbed  from 
the  gastrointestinal  tract  also  contributed  to  crom- 
olyn excretion:  accordingly,  even  less  than  these 
small  calculated  amounts  actually  reached  the 
lungs."" 

The  spacer  used  had  an  output  only  27^7^  of  that 
of  the  Nebuhaler,  but  its  output  exceeded  Howrates 
generated  by  toddlers  during  tidal  breathing. 

The  estimated  pulmonary  dose  for  one  adult  who 
breathed  through  the  mouth  rather  than  the  nose 
was  4.49r  ot  the  nebulized  dose,  suggesting  sub- 
stantial k)ss  of  drug  ui  ihc  other  subjects  due  to  na- 
sal filtration." 

Although  the  disparity  belvseen  these  calculated 
lung  doses  and  those  estimated  by  other  methods 
remains  to  be  explained,  these  data  intlicatc  de- 


livery of  less  cromolyn  to  the  lungs  of  infants  than 
adults,  suggesting  a  need  for  better  methods  of  de- 
livery or  use  of  larger  doses  in  infants.'^ 

Nedocromil  Sodium 

There  ha\e  been  \ ery  few  studies  of  nedocromil 
sodium  in  children,  but  inhalation  of  4  mg  \ia  MDI 
15  and  30  minutes  before  treadmill  exercise  in  7-  to 
15-year-old  children  has  inhibited  postexercise  de- 
creases in  peak  expiratory  How  rate  and  FEV,  sig- 
nificantly as  compared  with  placebo  in  double- 
blind  crosso\er  studies."'-"'-' 

Inhaled  .Adrenal  Corticosteroids 

Numerous  studies  attest  to  the  safety  and  ef- 
ficacy of  inhaled  becloinethasone  for  the  control  of 
asthma  in  children  5-19  years  of  age  at  300-400  //g 
daily  in  di\ided  doses. "*"*■"'  There  has  been  impro\e- 
ment  in  symptoms  and  |")ulmonar)  function  with 
lessening  of  need  for  other  antiasthmatic  med- 
ications, including  oral  adrenal  corticosteroids  in 
those  who  were  steroid-dependent. 

Bronchial  responsiveness  to  inhaled  metha- 
choline  decreased  significantly  during  6  months  of 
treatment  with  inhaled  budesonide.  200  //g  3  tiines 
daily,  in  7  of  12  asthmatic  children  7-16  years  of 
age.""  The  greatest  improvement  occurred  after  the 
first  month.  No  improvement  occurred  in  7  other 
children  treated  only  with  inhaled  terbutaline.  500 
,ug  3  times  each  da\ . 

Control  of  most  symptoms  of  asthma  and  peak 
expiratory  tlowrate.  measured  twice  dails.  is  not 
significantly  different  in  children  with  mild  asthma 
when  the  total  daily  dosage  of  400  ;/g  beclo- 
methasone  is  di\ided  inti)  2  rather  than  4  doses.''^ 
Imprttved  compliance  uilh  the  twice-daily  regimen 
and  obviation  of  the  need  for  administration  of 
medication  at  school  more  than  make  up  for  a 
slightly  increased  tendency  toward  wheezing  dur- 
ing the  da\ . 

A  randomized,  double  hliiKl.  placcbo-conli'olled 
liial  of  large  doses  of  inhaled  beclometha.sone.  750 
f.ig  3  times  daily  lor  5  days,  failed  to  affect  fre- 
quency of  need  for  oral  corticosteroids  or  admis- 
sion to  the  hospital  in  35  pairs  of  episodes  of  acute 
wheezinu  in  24  chiklren    1-5  \cars  of  aee."*"  The 


998 


RESPIRATORY  CARE  •  SEPTEMBER  "91  Vol  36  No  9 


ALKOSUL  FHERAPY  IN  CHILUREN 


hccldiiietliasonc  was  delixcivd  Irom  MDls.  250  //li 
per  actuation.  \  ia  Voluniatic  spacers.  There  was  a 
signilicaiU  reduction  in  syniptt)nis  during  the  first 
week  of  the  episode  of  wheezing  wilii  initiation  of 
treatment  with  high-dose  becloinethasone  at  the 
first  sign  of  symptoms  of  acute  astiima.  Failure  to 
observe  more  conclusixe  resuhs  may  have  been 
due  to  inability  of  the  young  children  to  open  the 
\al\e  ot  the  spacer  adequately  during  acute  airway 
obstruction  or  to  insufficient  numbers  of  episodes 
\\n  ev  aluation. 

Nebuli/ed  beclomethasone  is  also  effecti\e  in  re- 
ducing svniptonis  in  young  asthmatic  children.  A 
double-blind,  placebo-controlled,  parallel  study  of 
29  asthmatic  children  1-5  years  of  age  disclosed 
less  frequent  wheezing  and  less  use  of  bron- 
chodilators  in  those  treated  with  nebulized  beclo- 
methasone. 100  ug  -^  times  daily,  for  6  months.''" 
The  beclomethasone  was  delivered  by  face  mask 
from  an  Acorn  nebulizer.  No  adverse  effects  were 
evident.  No  corticosteroid  su.spension  for  ncbu- 
lization  is  a\  ailable  yet  in  the  United  States. 

Most  studies  of  beclomethasone  dipropionate 
aerosol  in  children  have  disclcsed  adequate  control 
of  asthma  without  evidence  of  adrenal  suppression 
at  recommended  do.ses  of  100  /ig  .'^-4  times  daily 
(maximal  total  daily  dosage  5()()  //g). ■'-'■'*"  However, 
.some  pituitary-adrenal  suppression  can  occur  at 
slightly  larger  doses  and  may  occur  in  both  chil- 
dren and  adults  when  total  daily  dosage  exceeds  14 
A/g/kg."^'- 

Nocturnal,  dose-dependent  suppression  of  plas- 
ma Cortisol  concentrations  is  greater  than  daytime 
suppression  in  asthmatic  children  treated  with  in- 
haled beclomethasone."'-' 

Despite  the  potential  for  pituitary-adrenal  sup- 
pression, serious  adverse  effects  of  inhaled  cor- 
ticosteroids have  been  quite  rare.  Three  children 
who  died  during  or  shortly  after  substitution  of  in- 
haled beclomethasone.  400  /ig  daily,  for  oral  pred- 
nisolone, probably  received  insufficient  doses  of 
supplemental  oral  corticosteroids  for  their  terminal 
episodes  of  acute  asthma  associated  v\  ith  tracheo- 
bronchitis.''^ 

There  has  been  a  single  report  of  truncal  t)besity. 
hirsutism,  and  suppression  of  linear  growth,  in  an 
8-year-old  girl  treated  for  asthma  with  inhaled  tri- 
amcinolone acetonide  aerosol,  300  lh:  twice  dailv. 


for  10  months."^  There  was  associated  suppression 
of  serum  Cortisol  concentrations  and  24-hour  uri- 
narv  17-hvdroxycorticosteroid  excretion.  The  obes- 
itv  resolved,  ami  a  linear  growth  spurt  followed  dis- 
contmuation  of  triamcinolone. 

Inhalation  of  triamcinolone  acetonide  aerosol  at 
dosages  of  100-300  /ig  4  times  daily  has  usually 
been  safe  and  effective  in  asthmatic  children."' 

Fluni.solide  aerosol.  ,500  fig  twice  daily,  is  also 
safe  and  effective  for  control  of  asthma  in  chil- 
dren.'" Administration  by  nebulization,  500  jug 
twice  daily,  is  also  safe  and  effective."'** 

Antiviral  Agents 

Ribavirin  is  the  only  antiviral  agent  available  for 
nebulization.  It  is  a  sviithetic  nucleoside  with  in- 
V  itro  activity  against  a  number  of  different  v  iruses, 
including  respiratory  syncytial  virus  (RSV).  it  has 
been  available  for  clinical  use  since  1985.  but  un- 
certainty about  its  efficacy  and  safety  remains  be- 
cause of  the  few  patients  evaluated  in  controlled 
studies,  reservations  about  comparability  of  active 
and  placebo  groups,  uncertainties  about  the  ad- 
equacy of  clinical  scoring  systems  employed,  and 
the  small,  although  significant,  differences  in  clin- 
ical scores  and  oxygen  saturation  or  transcutaneous 
oxygen  tension  observed."""'' 

Published  guidelines  suggest  consideration  of 
use  of  ribavirin  for  treatment  of  RSV  infections  in 
infants  at  high  risk  of  .severe  disease  as  a  result  of 
chronic  lung  conditions,  congenital  heart  disease, 
or  immunodeficiency,  in  infants  severely  ill.  es- 
pecially those  with  PaO:  less  than  65  torr  or  in- 
creasing carbon  dioxide  levels;  and  in  infants  less 
than  6  weeks  of  age."  Despite  limitation  of  use  of 
ribavirin  to  such  infants  at  high  risk  of  significant 
morbidity  from  RSV  infection,  ribavirin  may  be 
used  in  as  many  as  half  of  infants  admitted  to  ter- 
tiary care  centers  for  treatment  of  suspected  RSV 
infection.''' 

Administration  of  ribavirin  is  costly,  cumber- 
some, and  time-consuming.  The  drug  is  nebulized 
by  a  Viratek  Small  Particle  Aerosol  Generator 
(SPAG-2)  for  12-KS  hours  per  day  for  3-7  days 
from  a  solution  of  20  mg/mL  and  delivered  to  an 
infant  oxygen  hood.  The  generator  produces  par- 
ticles with  a  mass  median  diameter  of  approximate- 
ly 1.3  /im. 


RESPIRATORY  CARE  •  SEPTEMBER  '91  Vol  36  No  9 


999 


AEROSOL  THERAPY  IN  (  IlllDREN 


Nebulization  of"  a  more  concentrated  solution  of 
60  me/mL  for  2  hours  3  times  each  day  for  3-? 
da)s  has  been  found  feasible,  sate,  and  effecti\e  in 
9  infants  and  children.'"  This  reduction  in  neb- 
ulization time  increa.se.s  accessibility  of  the  patient 
for  care  and  reduces  environmental  exposure  of 
health-care  pro\  iders. 

Infants  who  reqmre  mechanical  \enl:laiion  be- 
cau.se  of  severe  impairment  due  to  R.SV  infection 
may  be  among  those  most  in  need  of  treatment,  but 
the  manufacturer  recommends  not  using  ribavirin 
in  such  patients  because  precipitation  of  drug  in  the 
equipment  ma\  increase  positive  end-expiratory 
pressure.''-  However,  certain  modifications  that  iso- 
late the  \entilator  can  permit  continuous  ad- 
ministratii)n  of  aerosolized  riba\irin  to  mechan- 
ically ventilated  infants  for  as  long  as  7  days 
without  ventilator  malfunction.'^'"'  Also,  at  least  12 
infants  who  required  mechanical  \entilation  for  res- 
piratory failure  ha\e  been  treated  successfully  with 
nebulized  ribavirin  by  changing  the  circuit  valves 
regularly  at  intervals  of  4  hours  and  the  tubing  at 
intervals  of  8  hours  to  pre\ent  obstruction  by  pre- 
cipitated drug.''''  Patients  were  also  monitored 
closely  for  any  possible  adverse  effect.  Further- 
more, a  randomized,  double-blind,  placebo- 
controlled  evaluation  of  aerosolized  ribavirin  in  in- 
fants with  severe  R.SV  infection  that  neces.sitated 
mechanical  ventilation  disclosed  significant  short- 
ening of  the  need  for  mechanical  \entilalion  and 
supplemental  oxygen  and  shortening  of  duration  of 
hospitalization.''^ 

Reports  of  adverse  reactions  to  ribavirin  from 
Januar\  19S6  through  September  I9S<S.  forwarded 
to  the  manufacturer  b\  the  United  .States  De- 
partment of  Health  and  Hunian  Services,  indicated 
reported  reactions  at  a  rate  ot  ().()90;  .''**  The  most 
common  side  effects  were  cutaneous  eruptions  and 
mild  bronchospasm. 

Retrospective  review  of  charts  of  .577  patients 
treated  with  ribavirin  at  <S  hospitals  tlisclosed  im- 
provement in  7S'^(."''  Iiutial  bronchospasm  ne- 
cessitated discontinuation  of  the  drug  m  one  infant. 
There  were  1 1  deaths,  including  K  infants  with  se- 
vere bronchopulmonary  dysplasia  and  3  with  com- 
plex cardiac  delects,  but  no  death  was  ascribed  to 
treatment  w  iih  riba\  irin. 


Respiratory  therapists  and  nurses  at  1  of  8  hos- 
pitals reviewed  "commonlv""  complained  of  head- 
ache and  excessive  tearing  while  delivering  ri- 
bavirin, but  these  adverse  effects  were  mild  and 
resolved  with  discontinuation  of  exposure  to  the 
drug."' 

It  is  prudent  for  pregnant  health-care  workers  to 
avoid  exposLire  to  ribavirin  because  teratogenicity 
has  been  foLind  in  pregnant  rodents,  although  none 
has  been  found  in  pregnant  baboons.'" 

.Antibiotics 

Aerosoli/ation  of  antibiotics  remains  contro- 
versial because  of  expense  and  concerns  about  ad- 
equacy of  delivery  to  infected  segments  of  lung, 
emergence  of  resistant  strains  of  organisms,  and  in- 
duction of  hypersensitivity.  There  have  been  few 
controlled  studies  to  address  these  cimcerns. 

Lung  scans  after  inhalation  of  radioaerosols  de- 
livered from  a  DeVilbiss  #900  ultrasonic  nebulizer 
to  clinically  stable  children  with  cystic  fibrosis  con- 
firm nonuniform  deposition  of  aerosol,  with  dimin- 
ished deposition  in  poorly  ventilated  regions  as  in- 
dicated bv  retention  t)f  xenon- 1 33."'  Deposition  of 
radioaerosols  delivered  from  a  Centimist  nebulizer 
at  9  L/min  (mass  median  aerodynamic  diameter  1 . 1 
/.im)  in  adults  with  cystic  fibrosis  depends  upon 
minute  ventilation  and  extent  of  airway  obstruc- 
tion. "  As  percent  predicted  FEV,  decreased,  the 
proportion  of  aerosol  deposited  in  central  airways 
increased.  The  amount  of  gentamicin  deposited  as 
determined  bv  measurement  in  expectorated  spu- 
tum was  optimal  at  minute  ventilations  of  ap- 
proximatelv  S-l.^  L/min.  and  was  reduced  at  both 
lower  and  higher  minute  ventilations.  " 

Despite  these  data  indicating  effects  of  pul- 
monarv  disease  on  aerosol  deposition,  concentra- 
tions of  gentamicin  in  tracheobronchial  secretions 
are  higher  1  hour  after  administration  by  aerosol 
than  atfer  intramuscular  injection.  '  Fourteen  chil- 
dren, including  8  with  cystic  fibrosis  and  6  with 
tracheostomies,  v^ere  studied  after  administration 
of  gentamicin.  40  mg.  by  aerosol  or  endotracheal 
instillation.  Concentrations  in  tracheobronchial  se- 
cretions exceeded  20  jUg/mL  in  7  children  after  aero- 
soli/ation and  in  I  I  after  endotracheal  instillation. 
Intramuscular  injection  of  single  doses  of  1..^  mg/ 
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kg  resulted  in  ci)neeiitralit)iis  less  than  2  //u/niL  in 
tracheobronchial  secretions  ot  10  children,  in- 
cluding 4  u  ith  undetectable  levels. 

Determination  ot"  serum  gentamicin  concentra- 
tions has  disclosed  dose-dependent  absorption  from 
the  respiratory  tracts  of  children  with  cystic  fibrosis 
after  nebulization  of  120.  360.  and  600  mg  on  dif- 
ferent days.  -  Deliver}'  was  via  mouthpiece  from  a 
jet  nebuli/er  that  produced  particles  0.5-5.5  //in  in 
size  with  output  of  0.38  niL/min.  and  patients  ac- 
tivated the  nebulizer  manually  for  each  inspiration. 
Thus,  administration  by  nebulization  of  larger  than 
usual  doses  might  achieve  serum  concentrations  ad- 
equate for  an  antibacterial  effect  in  poorly  \entilat- 
ed  regions  of  lung  with  adequate  perfusion. 

There  have  been  several  reports  of  improvement 
in  children  with  cystic  fibrosis  or  other  pulmonary 
diseases  treated  with  aerosolized  antibiotics  ~  "  but 
no  placebo-controlled  studies. 

A  randomized  comparison  of  intravenous  ti- 
carcillin  (300  mg/kg/day)  and  tobramycin  (10  mg/ 
kg/day)  for  2  ueeks  with  the  same  intravenous 
treatment  plus  nebulized  tobramycin  (80  mg  3 
times  each  da>  )  disclosed  similar  significant  im- 
provement in  clinical  scores  and  pulmonary  func- 
tion in  both  groups,  but  temporary  eradication  of 
Pseudomonas  aeruginosa  in  significantly  more  of 
the  patients  who  received  inhalation  therapy  (63% 
compared  with  25^^ )."' 

Treatment  with  nebulized  tobramycin  3  limes 
daily  for  12  weeks  in  22  children,  adolescents,  and 
young  adults  with  cystic  fibrosis  was  associated 
\\  ith  emergence  of  strains  of  P  aeruginosa  resistant 
to  tobramycin  in  739f  of  those  with  susceptible 
sputum  isolates  on  admission  to  the  study.'""  How- 
ever, symptomatic  improvement  and  reduction  in 
sputum  P  aeruginosa  density  occurred  during  treat- 
ment, and  1  year  later  no  isolates  were  resistant. 
Furthermore,  the  mean  peak  sputum  tobramycin 
concentration  of  2,300  ,ug/mL  greatly  exceeded  the 
usual  definition  of  resistance,  which  may  require 
modification  for  antibiotics  delivered  by  neb- 
ulization. 

Treatment  with  nebulized  tobramycin  twice  dai- 
ly for  1-3  years  in  14  children  and  adolescents  with 
cystic  fibrosis  was  associated  with  clinical  im- 
provement despite  emergence  of  resistant  strains  of 
P  aeruginosa  in  5  patients  after  10-21  months  of 


trealnicnl.  '  B>  the  end  ol  ihc  siud>  only  one  pa- 
tient still  harbored  resistant  organisms. 

Administration  by  nebulization  has  not  been  re- 
ported to  increase  the  trequencs  of  induction  ot  hy- 
persensitivity to  antibiotics,  but  this  has  not  been 
evaluated  fully. -^ 

Mucolytic  Agents 

Although  //-acetylcysteine  can  decrease  the  con- 
sistency of  sputum  in  vitro  by  opening  disulfide 
bonds  in  mucus. ^^  clinical  efficacy  after  administra- 
tion b\  nebulization  has  not  been  established  in 
controlled  studies. 

Pentamidine 

Aerosolized  pentamidine  is  effective  for  the 
treatment  of  pneumonia  due  to  Pneumocystis  ca- 
rina in  adults,  but  published  reports  are  liniilcd  to 
experience  with  adults.  Young  children  probably 
are  unable  to  cooperate  sufficiently  for  effective 
prophylaxis  or  treatment  with  nebulized  pen- 
tamidine. However,  the  Centers  for  Disease  Con- 
trol have  recommended  aerosolized  pentamidine 
for  children  at  least  5  years  of  age  infected  with  hu- 
man immunodeficiency  virus  and  unable  to  tolerate 
trimethoprim-sulfamethoxazole.  ** 

The  dose  recommended  for  adults.  300  mg  every 
4  weeks  via  the  Respirgard  11  jet  nebulizer,  has  also 
been  used  in  children,  although  pharmacokinetic  or 
efficacy  data  are  unavailable  in  children.  The  dose 
is  diluted  in  6  mL  sterile  water  and  delivered  at  6 
L/min  from  a  50  psi  compressed  air  source  until  the 
reservoir  is  dry.^'^ 

Adverse  Effects  of  .Verosol  Therapy 

Adverse  reactions  to  aerosols  may  be  due  to  re- 
action to  the  drug  itself  to  propellants  or  pre- 
servatives, or  to  physical  properties  of  the  aero- 
sol.^" 

Beta  Agonists 

Potentially  adverse  effects  of  beta  agonists  in- 
clude aggravation  of  hypoxemia.**'  cardiac  stimula- 
tion.'-"^' hypokalemia.'-  ''*'*'  tolerance."""  and  ag- 
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gra\ation  of  bronchial  li\  pL■|■n.•s|■)()nsi\c^css.■*'''*- 
Changcs  in  arterial  P()_  alter  inluilatmn  of  beta- 
agonist  aerost)ls  have  been  small,  largest  in  patients 
with  relatively  high  Po.  and  transient.^'  Accord- 
ingly, their  significance  is  minimal.  Inii  It  is  pru- 
dent to  administer  supplemental  oxygen  when  treat- 
ing severe  airv\ay  obstruction  w ith  a  beta  agonist. 

Cardiac  stimulation,  cardiac  arrhythmias,  and 
hypokalemia  are  less  important  potential  ad\erse 
et't'ects  in  children  than  in  adults  and  less  likely 
with  aerosol  therapy  than  with  systemic  therapy.**' 
Nevertheless,  it  is  prudent  to  nioniloi"  cardiac  activ- 
it\  and  serum  potassium  concentrations  when  ad- 
nnnistering  frequent,  large  doses  of  beta  agonist  by 
aerosol.'-" 

Tolerance,  subsensitivity,  or  decreased  respon- 
siveness to  beta  agonists  after  continual  treatment 
for  at  least  2  weeks  has  been  found  by  some  in- 
vestigators mostl\  in  adults,  bill  not  by  others.^' 
Tolerance  to  oral  beta  agonists  has  been  reported  in 
children. '^^  The  modest  losses  of  responsiveness  ob- 
served might  be  compensatett  for  by  increased  dos- 
age, and  concurrent  treatment  with  coilicosteroids 
may  minimize  tolerance. '^^ 

Association  of  increased  bionchial  h\per- 
responsiveness  with  conlinual  treatment  with  beta 
agonists  is  of  greater  concern.'^-  A  modest  but  sig- 
nificant increase  in  bronchial  hyperresponsi\eness 
to  methacholine  occurred  within  the  first  month  of 
treatment  with  inhaled  terbutaline.  5U0  //g  .^  times 
daily  in  7  children  with  mild  asthma.^  This  was  as- 
sociated v\ith  no  increase  in  symptoms  or  wors- 
ening of  pulmonary  function  during  6  months  of 
liealmcnl. 

A  double-blind,  crossover,  placebo-controlled 
study  of  inhalation  of  fenoterol  powder  (200  /yg  4 
times  each  day  fVir  24  weeks  in  asthmatic  ad- 
olescents and  adults)  disclosed  more  than  a  two- 
fold increase  in  bronchial  hyperresponsi\eness  to 
methacholine  in  22  of  64  patients  iluring  continual 
treatment  with  fenoterol  as  com|iarcd  with  the  24 
weeks  during  which  they  received  placebo  and 
used  inhaled  beta  agonist  (fenoterol,  albuterol,  or 
terbutaline)  only  when  needed  for  relief  of  symp- 
toms.'"' Significantlv  better  symptomatic  conlrol 
occurred  during  intermittent  use  of  beta  agonists 
than  during  continual  treatment  with  fenoterol.  Mf- 
ty  of  the  64  patients  were  receiving  concurrent 


treatment  with  inhaled  corticosteroids.  The  extent 
to  which  these  obser\ations  with  lenitterol  can  be 
general i/ed  to  other  beta  agonists  is  unknown. 

Corticosteroid.s 

Inhaled  corticosteroids  can  cause  oropharvngeal 
candidiasis,  reduced  total  body  calciiun.  adrenal 
suppression,  and  possibly  posterior,  subcapsular 
cataracts.'*"'  Candidiasis  rarely  necessitates  discon- 
tinuation of  treatment  and  can  be  prevented  by  use 
of  a  spacer.'"''  Adrenal  suppression  may  occur  in 
some  asthmatic  children  treated  with  inhaled  bec- 
lomethasone  at  doses  that  exceed  14  ;t/g/kg/day  or 
400^/m-/day.''-^-''' 

Propellants 

Fhiorocarbon  propellants  in  MDIs  are  not  likely 
to  elicit  adverse  cardiac  effects,  although  they  can 
cause  cardiac  arrhythmias  in  anesthetized,  hypoxic 
mice.'"***  Concurrent  administration  of  inhaled  fluii- 
rocarbons  and  intravenous  isoproterenol  at  doses 
e(.|ui\alenl  to  ,^00  actuations  of  a  MDI  (SO  //g  per 
actuation)  has  failed  to  cause  anhuhmias  in  hypox- 
ic dogs.**''  Continual  administration  of  propellant 
with  or  without  isoproterenol  or  albuterol  (one  in- 
halation with  each  of  40  successive  inspirations 
without  |termitting  access  to  air)  has  caused  con- 
\Ldsioiis  in  dogs.  bLit  all  except  two  ihal  received 
isoproterenol  recovered."" 

It  has  been  estimated  that  one  actuation  of  a 
MDI  with  each  of  12-24  successive  breaths  would 
be  necessary  to  achieve  blood  and  nivocaitlial  con- 
centrations in  himians  such  as  those  that  have  sen- 
sitized dogs  to  toxic  effects  of  epinephrine,"' 

Preservatives 

Most  commercially  available  nebulizer  solutions 
contain  iirescrvatives  liable  1).  Preservatives  that 
can  cause  bronchoconstriction  in  .some  asthmatic 
patients  include  sulfites."'  benzalkonium  chlo- 
ride,"'"'* etinlene  diamine  letra-acetic  acid 
(EDTA),"""  ami  chloibuiol.  "  The  bronchodilating  ac- 
tivity of  beta  agonist  aerosols  is  probably  usually 
more  than  adequate  to  overcome  the  hroncho- 
constrictive  action  of  preservatives  present,  and  0.5 
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Tabic  1 .  C'luiractcristics  ol  Nchiili/cr  SiikilKuis 


Drug 

Trade  Name 

pH 

Osmolality 
(mOsm/kg) 

Preservatives 

Albuterol 

PnnciUil 

3.0-5.0 

— 

BKC*0.0l% 

Vciilolin  0.5'f 

230t,  38t 

— 

Provenlil  0.083% 

3.0-5.0 

— 

BKCO.01% 

Mctapr(i(LMcnol 

.Aluiu'iit  5% 

2.8-3.5 

274§ 

BKC  0.0257r 

Tcrbiilaluic 

Brcthmc 
Bricanvl 

3.0-3.0 

Isotonic 

None 

Croniolvn  sodium 


ii-acelvlcNsicMie 


Riha\irin 


Intal 

Mucomyst  \0'7c 
Mucomyst  20'7r 

Vira/ole 


4.0-7.0 

6.5-7.5 
6.5-7.5 

5.0-6.9 


*  BKC  =  benzalkonium  chloride;  EDTA  =  ctln  Icnc  diamine  tetra-acctic  acid. 

t  After  dilution  with  2  mL  normal  saline. 

+  After  dilution  with  2  mL  cromolyn  sodium  nebuli/cr  solution. 

§  After  dilution  with  2.2  mL  normal  saline. 


42 

1.4 
3.1 

79 


None 

EDTA  0.25  L'/L 
EDTA  0.5  g/L 

None 


mL  of  the  ().57f  albuterol  solution  contains  only  50 
/.ig  benzalkonium  chloride  it'  diluted  with  pre- 
servative-free saline,  less  than  the  amount  known 
to  cause  bronchoconstriction  in  some  asthmatic  pa- 
tients.'''' Frequent  administration  of  large  doses, 
however,  might  elicit  bronchoconstriction  or  less 
than  optimal  bronchodilation  due  to  the  pre- 
servative. Furthermore,  although  the  concentration 
of  benzalkonium  chloride  is  the  same  in  both  prep- 
arations of  albuterol  solution,  the  2..'i-mg  unit  dose 
of  the  0.083%  solution  contains  30()-^/g  benzal- 
konium chloride,  a  dose  that  exceeds  that  to  which 
3  of  2.S  unselected  asthmatic  patients  responded 
with  bronchoconstriction.'" 

It  is  unknown  to  what  extent  the  broncho- 
constriction commonly  elicited  by  //-acetylcysteine 
in  asthmatic  patients  may  be  due  to  the  pre- 
servative, the  hypotonicity  of  the  solution,  or  ir- 
ritating properties  of  the  drug,  but  the  response  is 
so  common  that  many  consider  the  drug  contra- 
indicated  in  patients  with  asthma. 

Physical  Properties 

Inhalation  of  aerosols  of  either  hypotonic  or  hy- 
pertonic solutions  can  cause  bronchoconstriction  in 


patients  with  asthma.'"'  The  clinical  relevance  of  os- 
molality of  aerosol  solutions  is  emphasized  by  ob- 
servations that  isotonic  solutions  of  cromolyn  so- 
dium afford  better  protection  against  the  broncho- 
constrictive  effects  of  exercise"^ '"^  and  inhalation  oi 
methacholine'"  than  does  the  commercially  avail- 
able hypotonic  solution.  Effects  of  hypotonicity  on 
bronchodilator  aerosols  are  less  easy  to  evaluate, 
but  extremely  hypotonic  solutions  of  beta  agonists 
for  aerosolization  may  afford  less  protection 
against  exercise-induced  asthma  than  only  slightly 
hypotonic  solutions  in  occasional  asthmatic  pa- 
tients.'''' Albuterol  diluted  with  2  mL  normal  saline 
may  occasionally  afford  better  protection  than  al- 
buterol diluted  in  cromolyn. 

Osmolality  of  nebulizer  solutions  increases  dur- 
ing nebulization.  but  cromol>  n  remains  quite  hypo- 
tonic after  15  minutes  of  nebulization.'"" 

The  bronchoconstrictive  potential  of  acidic  aero- 
sols depends  more  on  total  available  hydrogen  ion 
concentration  than  pH  alone,  and  acidic  aerosols 
composed  of  respirable  particles  with  mass  median 
aerodynamic  diameters  <  6  /.an  may  be  more  likely 
to  provoke  bronchoconstriction  in  asthmatic  sub- 
jects than  those  composed  of  larger  particles.""  Al- 
though aerosols  of  solutions  at  pH  2  have  only  a 
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modest  bronchoconstrictive  effect,  they  can  pot- 
entiate the  bronchoconstrictive  effect  of  hypo- 
osmolar  aerosols. '"- 

Conclusions 

Aerosolized  beta  agonists,  ipratropium  bromide, 
cromolyn,  and  adrenal  corticosteroids  are  of  es- 
tablished efficacs  in  infants  and  children.  Some  an- 
tibiotic aerosols  are  probably  effeclixc,  at  least  in 
patients  with  cystic  fibrosis.  Both  antiasthmatic 
aerosols  and  antibiotic  aerosols  are  safer  than  avail- 
able alternative  therapy. 

•  Riba\  irin  is  probably  effective  in  the  treatment 
of  RSV  infection,  and  may  be  effective  for 
milder  disease. 

•  Mucolytic  aerosols  probably  are  not  effective 
and  may  be  dangerous  in  patients  with  asthma. 

•  Optimal,  safe  doses  of  most  aerosols  have  not 
been  established  for  infants  and  children,  and 
there  are  urgent  needs  for  better  delivery  sys- 
tems for  infants  and  young  children. 

•  Potential  effects  of  preservatives  and  physical 
properties  of  aerosols  are  poorly  LUiderstood.  but 
we  should  encourage  manufacturers  to  market 
aerosols  with  preservatives  and  properties  that 
are  not  likely  to  have  adverse  effects. 

•  The  importance  of  aerosol  therapy  and  limited 
knt)wledge  of  it  suggest  innumerable  lines  of 
possible  research. 
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Aerosol  Exhaust:  Escape  of  Aerosolized  Medication  into  the 
Patient  and  Caregiver's  Environment 
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Introduction 

Aerosol  use  in  meclizine  is  raiiicily  expanding. 
Asthma  and  chronic  obstructive  disease  are  now 
frequently  treated  solely  with  aerosols  of  beta 
stimulators,  parasympatholytics,  and  steroids  and 
other  immune  suppressors.  Delivery  of  antibiotics 
via  aerosol  is  being  reconsidered.  In  the  past  few 
years,  most  concern  has  arisen  over  the  use  of  two 
new  aerosols  because  of  their  potential  toxicity: 
pentamidine  for  the  prevention  and  treatment  of 
Pneumocystis  carinii  pneumonia  (PCP)  and 
ribavirin  for  the  treatment  of  respiratory  syncytial 
virus  (RSV)  infections. 

Toxicity  of  all  the  aerosolized  drugs  is  well 
recognized  in  the  patient,  but  the  potential  toxicity 
of  the  lesser  exposure  to  the  caregiver  is  only 
beginning  to  be  explored.  It  has  been  suggested 
that  asthma  occurring  in  respiratory  therapists  is 
related  to  their  exposure  to  beta  agonists.'  and 
allergic  responses  to  even  small  doses  of  aerosolized 
antibiotics  may  be  possible.  Ribavirin  has  known 
teratogenic  activity  in  some  species,  and  is 
aerosolized  in  a  small  particle  size  ( 1 .3  /.im)  in  order 
to  penetrate  deep  into  the  lung;'  this  results  m  an 
aen)sol  difficult  to  contain  and  to  adetjuately  protect 
the  health-care  worker.  Pentamidine  is  also 
aerosolized  in  a  <  5  //ni  particle  size,  not  only 
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to  pro\ide  deep  penetration  into  the  lung  but  also 
to  niininiize  uppei-airway  irritation,  which  causes 
bronchospasm  and  cough;  the  patient's  cough 
further  endangers  the  health-care  worker. 

In  this  paper,  we  first  discuss  the  evidence  for 
the  pulnumary  toxicity  of  pentamidine  in  the  health- 
care WDiker.  (Dr  Waskin  will  address  the  systemic 
toxicity  of  pentamidine  and  other  agents  in  another 
paper  in  this  issue.')  We  then  explore  the  possible 
ways  to  minimize  the  exposure  of  the  health-care 
worker  to  potential  toxicity  by  examining  ( 1 )  the 
methods  of  delivery  of  aerosols.  (2)  control  of  the 
environment,  and  (3)  direct  protection  of  the  health- 
care worker. 

Pentamidine  Toxicity 

Acute  airway  reactions  to  pentamidine  aerosol 
are  common,  easily  recognized,  and  usually  not 
major.  A  bitter  or  metallic  taste,  with  some  throat 
iiTitation,  is  the  rule  with  the  currently  used  doses. 
Bronchospasm  and  cough  can  probably  be  produced 
by  pentamidine  aerosol  m  e\eiyone  if  given  in  high 
doses  via  standard  nebulizers.  We  began  prophy- 
lactic u.se  of  pentamidine  aerosol  in  November, 
1986,  using  30  mg  of  pentamidine  in  3  cc  of  water 
in  a  standard  jet  nebulizer,  and  uith  an  exhaust 
filter.  Mean  particle  size  was  4  8  /nm  (Table  1). 
but  particles  >.'S  //m  in  size  were  not  battled  and 
were  theretoic  deposited  in  the  patient's  upper 
airwa).  causing  cough  and  bronchospasm.  All  29 
patients  studied  showed  some  drop  in  FEF^s  757^- 
26  of  the  29  had  .some  decrease  in  FEV,.  but  only 
.'>  had  >  \0'7f  drop  in  FEV,.-*  The  use  of  albuterol 
aert);.ol  prior  to  Irealiiient  jireNented  or  miniiiii/cd 
both  cough  and  bronchospasm. 

It  was  subsequently  shown  by  Leoung  el  al  that 
300  nig  (or  4  mg/kg  of  body  weight)  of  pentamidine 
aerosol  monthly  was  needed  for  effective  prophy- 
laxis.'^''  and  that  600  mu  dailv  for  14-21  davs  was 
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possibly  effective  for  treatniLMit  of  PCP.^ "  In  order 
to  dcli\er  these  doses.  Montgomery  et  al,  in 
conjunetion  with  Marquest  Corporation.  de\elopcd 
a  specialized  system,  the  Respirgard  nebiili/er''  (Fig. 
I).  The  nebulizer  is  specially  designed  internally 
to  block  the  larger  aerosol  particles;  in  addition, 
one-way  \al\es  further  reduce  the  mean  particle 
size  deli\ercd  to  the  patient.  An  exhaust  filter  is 
also  used,  which  ue  will  discuss  later. 


On«-wav  Vdv« 


Mouthpiece 


Flow  ol 
6L/min' 


Fig.  1.  Baffled  nebulizing  system  used  for  delivery  of 
pentamidine  aerosol  in  the  Respirgard  II  nebulizing 
system.  One-way  valves  reduce  the  number  of  large 
particles  delivered  to  the  patient.  The  thumb  control  is 
not  standard,  but  its  use  would  allow  the  driving  gas  to 
bypass  the  nebulizer  if  not  occluded  during  cough  or  rest 
periods,  thus  obviating  discharge  of  aerosol  into  the 
atmosphere  at  such  times. 

With  the  Respirgard  .system,  delivery  of  M)U  mg 
of  pentamidine  aerosol  still  produced  cough  in  38% 
and  bronchospasm  in  15%  of  patients.-*'  A  decrease 
in  FEV|  of  >  200  mL  occuned  in  56%.  and  a  >  10% 
drop  in  FEV,  in  32%.''  A  more  .sensitive  index  of 
bronchoconstriction,  the  airway  resistance  measured 
by  body  plethymography,  has  been  shown  to 
increase  in  all  subjects  receiving  6()()-mg  pentam- 
idine aero.sol.'"  Almost  all  of  the  rctluction  in  Hows 
can  be  reversed  or  prevented  v\ith  beta-agonist 
aerosol  treatment,  but  some  cough  can  be  expected 
in  43-66%  of  patients  receiving  300  mg  of 
pentamidine  aerosol.-'  and  in  up  to  80%  of  those 
receiving  600  msi."  This  not  onlv   introduces  the 


patient's  cough  aerosol  into  the  cn\  ironmcnt.  but 
it  ma\  also  result  in  pentamidine-aerosol  escape 
unless  a  specialized  system  is  used  that  automati- 
cally stops  the  aerosol  when  the  nebulizing  device 
is  removed  from  the  mouth. 

The  existence  of  long-term  pulmonary  toxicity 
of  pentamidine  aerosol  has  not  been  established. 
Debs  et  al"  reported  no  histologic  abnormalities 
in  lungs,  liver,  or  kidneys  in  mice  after  14  daily 
doses  of  aerosolized  pentamidine  of  5.0  and  50.0 
mg/kg  of  body  weight.  An  increase  in  upper-lobe 
PCP  with  associated  cystic  changes'-  and  pneumoth- 
oraces'-^  following  pentamidine  aerosol  prophylaxis 
has  been  described  and  was  most  likely  due  to  the 
inadequate  control  of  PCP  in  the  apex  caused  by 
the  poor  distribution  of  pentamidine  aerosol  to  that 
region.  Of  the  21  pneumothoraces  .seen  in  one 
clinical  trial  of  408  subjects,'^  only  one  was  not 
associated  with  PCP  or  other  causes  of  pneumo- 
thorax, and  there  was  no  correlation  with  the 
concentration  of  aerosol. 

No  significant  changes  were  seen  in  lung 
volumes,  flows,  or  diffusing  capacity  in  23  subjects 
followed  for  143-531  days  (median  371  days)  after 
starting  monthly  300-mg  pentamidine  aerosol 
prophylaxis."  On  the  other  hand,  there  is  an 
anecdotal  report  of  a  pulmonary  function  technician 
who,  after  14  months  of  occupational  exposure  to 
pentamidine  aerosol,  was  found  to  have  a  decrea.se 
in  single-breath  carbon  monoxide  diffusing  capacity 
from  36  to  26  mL  •  torr  •  min  U8 1  %  of  the  predicted 
value),  which  improved  to  31  mL -torr -min  '  after 
9  days  w  ithout  exposure  to  the  aerosol.  '-•  No  adverse 
symptoms  or  other  pulmonary-function  abnormal- 
ities were  present  to  suggest  pulmonary  or  systemic 
toxicty.  Many  factors  can  affect  the  diffusing 
capacity  measurement;  further  observations  of 
health-care  workers  with  long-term  daily  exposure 
to  pentamidine  are  clearly  needed.  A  detailed  study 
of  respiratory  therapists  working  in  five  pentamidine 
aerosol  clinics  in  San  Francisco  is  now  being  carried 
out.  The  stud\  includes  longitudinal  pulmonary 
function  tests  and  methacholine  challenge  to  look 
for  pt)tential  parenchymal  or  airway  toxicity  from 
pentamidine.  It  is  of  interest  that  in  one  study  there 
was  no  increase  in  hyperreactivity  as  measured  with 
methacholine  in  8  patients  receiving  4  mg/kg  of 
body  weight  of  pentamidine  aerosol  monthly  for 
10-14  months.  I -^ 
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Because  generally  only  5-i07f  ot  the  aerosolized 
pentamidine  dose  is  delivered  to  the  lungs,  where 
it  has  a  long  retention  time,  and  becau.se  there  is 
no  absorption  from  the  gastrointestinal  tract, 
systemic  toxicity  from  pentamidine  aerosol  is  rare, 
even  in  patients  receiving  600  mg/day.-''-^  However, 
hypoglycemia  and  pancreatitis  have  been 
reported,''''  and  questions  of  teratogenicity  and 
carcinogenicity  have  not  been  resolved;  these  issues 
are  discussed  by  Waskin.^ 

Methods  of  Aerosol  Delivery  and 
Environmental  Contamination 

Several  methods  of  aerosol  generation  currently 
used  and  the  characteristics  and  amounts  of  their 
aerosol  output  are  summarized  in  Table  1 .  The  range 
of  particle  sizes  and  outputs  is  wide.  The  potential 
for  environmental  contamination  by  the  aerosol  is 
greatest  with  ultrasonic  nebulizers,  which  have  a 
high  output  and  can  generate  large  particles.  Baffled 
nebulizers  have  low  output  and  small  particle  size, 
but  the  time  needed  for  delivery  of  the  dose  is  long, 
so  the  potential  for  leaks  may  increase. 

Table   1 .  Characteristics  of  Aerosol  from  Several  Types  of 
Devices 


Type  of 

MMAD*             M 

iximum  Output 

Device 

(//m) 

(mlJmin) 

MDI 

2-5 

— 

Rotahalcr 

2.6 

— 

Jcl  iichuli/er 

4-8 

1 .0-2.0 

Baffled  jel  nehu 

i/er 

0.25-4.0 

0.5- 1 .0 

Ultrasonic  nebu 

izer              1  60-6  0 

n  mass  aerodynamic  diameter. 

6.0 

*MMAD  =  mea 

Metered  dose  inhalers  (MDI)  have  the  least 
potential  for  aerosol  contamination,  but  they  are 
powered  with  tluorocarbons.  which  add  to  envir- 
onmental pollution,  as  Dr  Balmes  discusses 
elsewhere  in  the  proceedings  of  this  conference.'^ 
Additional  contamination  occurs  from  direct  release 
of  aerosol  from  test  doses  or  upon  misuse  and 
discoordination  by  the  patient.  Because  more  than 
50%  of  the  aerosol  particles  may  be  >  10  //m  in 
size  and  therefore  not  respirable.  various  spacers 
have  been  used  both  to  increase  the  effectiveness 


of  aerosol  delivery  and  to  minimize  environmental 
contamination.  Finally,  some  aerosol  from  the  MDI 
will  be  in  the  form  of  particles  <  1  fum  in  size  and 
may  be  exhaled  even  after  a  breath-hold,  but  the 
mass  of  such  contamination  is  extremely  low. 
Overall,  the  environmental  contamination  from 
MDIs  is  minimal,  and,  because  generally  they  are 
used  privately  by  the  patient,  there  is  no  direct 
danger  to  the  health-care  worker.  Pentamidine  may 
be  deliverable  by  an  MDI,  but  it  is  not  currently 
available  in  this  form. 

Rotahalers,  delivering  powdered  drug,  are 
currently  available  for  beta  agonists.  If  more  drugs 
such  as  steroids  and  cromolyn  v\ere  made  available 
in  powdered  form,  this  device  might  provide  a 
solution  to  fluorocarbon  contamination  and  prov  ide 
a  closed  system  for  the  medication.  The  particle 
size  may  be  large,  but  the  unused  powder  generally 
is  trapped  in  the  container. 

Health-care  workers  are  most  frequently  inv  oh  ed 
in  the  delivery  of  aerosols  from  nebulizers. 
Particularly  in  the  hospital  setting,  aerosols  are 
generally  administered  via  open  systems,  all  of 
which  directly  nebulize  medication  into  the 
atmosphere,  at  least  during  patient  exhalation.  Face 
hoods  or  loose-fitting  masks  do  little  to  control 
aerosol  contamination  of  the  environment,  but 
aerosols  delivered  via  mouthpiece,  .sealed  face  mask, 
T-piece,  or  ventilator  are  in  a  nominally  clo.sed 
system  if  an  exhaust  filter  is  used.  In  practice, 
exhaust  filters  are  seldom  used  except  when  a 
recognized  toxic  agent  such  as  ribavirin  or 
pentamidine  is  nebulized. 

Most  systems  nebulize  continuously,  so  that 
during  patient  exhalation,  fresh  aerosol  is  fed 
directly  into  the  exhaust  pathway;  if  nebulizer  tlovv 
is  high  enough,  this  also  occurs  during  patient 
inhalation.  This  wastes  medication  and  adds  to 
environmental  contamination.  Demand- valve 
systems  are  po.ssible.  but  the  availability  and  use 
of  such  devices  are  very  limited,  even  for  potentially 
toxic  aerosols  such  as  pentamidine.  A  simple  and 
effectiv  e  alternativ  c  is  the  Y-piece.  or  thumb  control, 
shown  in  Figure  1.  The  patient  is  instructed  to 
occlude  the  opening  when  inhaling  (which  directs 
the  pressurized  gas  into  the  nebulizer)  and  to  uncover 
the  opening  when  exhaling  or  not  using  the  device 
(which  allows  the  pressurized  gas  to  leave  the 
opening  instead  of  entering  the  nebulizer).  This  is 
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particularly  useful  during  pentamidine  treatments 
because,  when  an  unexpected  cough  occurs,  the 
patient  usually  automatically  releases  the  thumb 
control,  and  aerosol  is  not  created  to  contaminate 
the  room.  Unfortunately,  use  of  a  thumb  control 
is  not  usually  recommended  becau.se  this  method 
prolongs  the  time  for  aerosolization  of  all  the 
medication  in  the  nebulizer  and  because  some 
patients  tuid  it  ditficult  to  coordinate  use  of  the 
thumb  control  v\ith  their  breathing.  Finally,  when 
pentamidine  is  nebulized,  interrupting  aerosoliza- 
tion in  this  manner  may  clog  the  nebulizer  due  to 
the  relative  insolubility  of  the  drug,  particularly  as 
the  concentration  increases  and  the  temperature 
decreases:  aerosol  maN  then  precipitate  during  the 
stagnant,  no-tlow  period. 

The  potential  for  environmental  contamination 
can  be  reduced  if  the  dose  of  medication  and  the 
delivery  time  can  be  reduced.  Smaldone  and  co- 
workers have  suggested  the  use  of  another  system, 
the  AeroTech  II.  which  mav  deliver  2.5-5  times 


more  pentamidine  to  the  lung,  in  a  given  period 
of  time,  than  does  the  Respirgard  system.'^  The 
AeroTech  II  can  deliver  130  mg  of  pentamidine 
in  10-15  minutes,  compared  to  the  15-60  minutes 
the  Respirgard  II  takes  to  deliver  300  mg.'** 
However,  in  that  study,  15  of  23  patients  coughed 
with  the  AeroTech  II,  whereas  only  8  coughed  with 
the  Respirgard.  Both  devices  were  used  without 
thumb  controls  or  automatic  shutoffs,  and  therefore 
the  potential  for  environmental  contamination  was 
probably  greater  v\  ith  the  system  that  pro\ oked  more 
frequent  coughs,  increasing  the  time  when  aero.sol 
was  flowing  out  the  exhaust  pathway  and  not  to 
the  patient. 

Other  delivery  systems,  including  ultrasonic 
nebulizers,  have  been  propo.sed  as  more  efficient, 
but  published  data  are  largely  in  abstracts,'"^-'  and 
further  evaluation  is  necessary.  The  characteristics 
of  various  brands  of  jet  and  ultrasonic  nebulizers 
have  been  summarized  by  Corkery  et  ah''  this 
information  is  shown  in  Table  2.  It  should  be  noted 


Table  2.   Features  of  Jet  and  Ultrasonie  Nebulizers  Used  To  Deliver  Pentamidine* 


Device 


MMAD-i- 


GSD 


Reservoir  for  Aerosol 
during  Exhalation? 


Expiratory  Filter? 


Comments 


Jet  Nebulizers 

.AeroTech  II 
Centimist 
FanJET 
Respirgard  II 
System  22 
UltraVent 

Ultrasonic  Nebulizers 

nSONeb 
Green  Machine 
Portasonic 
Pulmosonic 


2.0 

+2.5+ 

1.1 

+2.2S 

4.3 

+2.5+ 

0.93 

+  1.8+ 

1.3  II 

N.A, 

0.25 

+2.0I 

5.0 

+2.0? 

>12.0 

N.A. 

1.6 

+2.2? 

4.2 

+2.3+ 

No 
Yes 

No 
Yes 

No 
No 

Yes 
Yes 
Yes 
Yes 


Optional 

10-15  L/min  flow 

No 

9  L/min  flow 

Optional 

7  L/min  flow 

Yes 

7  L/min  flow 

No 

7  L/min  flow 

Yes 

11-14  L/min  flow 

No 

Intermittent  use  trigger 

No 

Intermittent  use  trigger 

Optional 

Continuous  flow 

No 

Continuous  tlow 

*  Adapted,  with  permission,  from  Reference  6. 

t  MMAD  =  mean  mass  aerodynamic  diameter;  GSD  =  geometric  standard  deviation:  N.A.  =  not  available  (not  noted  or  not  measured). 

±  Particle  size  measured  as  in  Reference  8. 

S  Particle  size  measured  under  condition  of  simulated  breathing,  as  in  Reference  20. 

II Particle  size  measured  b\  Mahern  2400  laser  diffraction  particle  size,  as  in  Godfrey-Faussett  P.  Miller  RF.  Semple  SJ.  Nebulised 

pentamidine  (letter).  Lancet  1988:1:645-646. 
1  Panicle  size  measured  by  cascade  impaclor.  as  in  Sirr  SA.  Juenemann  DJ.  Tom  H.  Boudrea  RJ.  Chandler  RP.  Loken  MK. 
Effect  of  ethanol  on  droplet  size,  efficiency  of  delivery,  and  clearance  characteristics  of  technetium-99m  DTPA  aerosol.  J  Nucl 
Med  1985:26:643-646. 
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that  several  of  the  systems  have  no  exhaust  filters, 
and  none  has  an  automated  shutoff  mechanism. 

Environmental  contamination  can  be  reduced, 
even  with  continuous  nebuii/ation.  if  adequate 
exhaust  fihration  is  possible.  Few  data  have  been 
published  on  the  effectiveness  of  these  filters  in 
clinical  use.  but  the  characteristics  of  the  filter 
materials,  as  attested  to  by  their  providers,  are  listed 
in  Table  3.  We  will  now  consider  the  effectiveness 
of  these  filters  in  clinical  situations,  as  well  as  room 
ventilation  and  other  methods  of  controlling 
environmental  contamination. 

Table  3.  Aerosol  and  Particulate  Filters 


Type  of  Filter 

Efficiency 

Description  &  Comments 

Uitra-higli  efficiency 

lOO^r 

Ceramic,  hydrophobic 
Pall  #BB.'^Ot 

99.9<7f 

Polypropylene 
3M  Filtrate 

99.99^ 

Nylon,  polyester 
Pall  #PF305 

High  etTiciency 

90-99% 

Wet  laid  paper  or 
fiberglass,  hydrophilic 

Medium  efficiency 

60-90% 

Compressed  glass  or 
cellulose 

Roughing  filters 

10-60% 

Loose-pack  fibers 

Electrostatic 

60-90% 

Requires  maintenance 

Control  of  Environmental  Contamination 

Despite  all  the  care  taken  in  methods  of  delivery, 
environmental  contamination  occurs  by  exhalation, 
cough,  and  direct  aerosolization  into  the  atmosphere. 
Occupational  exposure  to  pentamidine  aerosol  was 
reported  by  Montgomery  et  al  in  1990.--  They 
sampled  air  in  a  pentamidine  aerosol  clinic  at  .San 
Francisco  General  Hospital  where  nt)  ventilation 
system  was  operating  except  an  open  door  to  the 
36-cubic-meter  room.  They  found  only  4.5  ±3.6  x 
10  '^  mg/m'  of  pentamidine  from  three  different  air 
samples  over  a  4-houi  period.  This  would  result 
in  only  a  4.9-nncrogram  (//g)  annual  exposure  to 
a  health-care  worker  exposed  S  hours/da\  lor  225 
days,  breathing  6  L/min.  with  an  assumed  high 
retention  of  aerosol.-^ 

Dr  Gary  S  Ogawa.  Director  of  the  Pharmacy  at 
the  University  of  Southern  California,  found  no 


measurable  pentamidine  in  air  sampled  next  to  3 
patients  receiving  pentamidine  aerosol  over  a  4-hour 
period  in  a  small  room  with  ventilation  that  provided 
approximately  six  air  changes  per  hour  (personal 
communication,  December  1990).  He  also  measured 
pentamidine  levels  on  either  side  of  the  Marquest 
exhalation  filter,  and  found  19.  24.  and  10  mg  on 
the  upstream  sides  of  the  three  patients'  filters  but 
immeasurable  amounts  on  the  downstream  sides. 
However,  this  may  be  misleading,  as  v\ill  be 
discussed  hereafter. 

Despite  these  optimistically  low  values  of 
environmental  contamination  by  pentamidine,  there 
remains  the  possibility  of  greater  contamination  in 
less  than  optimal  daily  working  conditions,  in  order 
to  simulate  a  worst-case  situation,  we  aerosolized 
pentamidine  in  a  closed  body  plethysmograph  for 
1.  5.  10.  and  15  minutes  while  air  samples  were 
collected  at  2  L/min  through  each  of  three  filter 
pumps  in  the  box.  The  results  are  shown  in  Table 
4.  There  was  an  expected  increase  in  concentration 
to  quite  high  levels  of  19.5  yug/L  after  15  minutes 
of  nebuli/ation  into  this  closed  space:  there  was 
an  accumulation  of  pentamidine  in  the  box.  as  only 
the  7  L/min  flow  of  gas  used  for  nebuli/ation  was 
leaving  the  box.  which  totaled  approximately  1.500 
liters  of  gas.  During  the  first  minute,  the  concen- 
tration levels  of  pentamidine  were  below  detection 
(<  4.8  yt/g).  but  they  became  detectable  with  longer 
nebuli/ation.  Calculation  of  1 -minute  leaks  led  to 
pentamidine  concentrations  of  1.85-2.6 /jg/L  (Table 
4,  Column  D).  A  health-care  worker  in  the 
immediate  vicinity  of  the  leak  would  inhale  4-6  /.ig/ 
min  (Table  4,  Column  E),  which  is  the  yearly  exposure 
calculated  by  Montgomery  et  al.--  using  the  same 
assumptions  as  those  authors  (ie.  \\  =  6  L/min.  and 
4()'7r  retention  in  the  lung).  Though  this  expeiimeni 
simulated  the  worst-case  sitution.  as  there  w  as  \  inually 
no  \entilation  or  chance  for  dispersion  of  the  aerosol, 
it  ne\  eilheless  emphasi/es  the  potential  for  significant 
exposure  to  a  health-care  worker  standing  next  to  an 
aerosol  coming  out  of  a  nebulizer  removed  from  the 
patient's  mouth  for  onl\  1  minute  during  cough,  rest, 
or  conversation. 

The  air  leaving  the  box  was  passed  through  two 
filters  used  in  two  commercially  available  devices 
for  delivering  pentamidine  aerosol.  Hospitek  and 
Marquest.  The  amounts  of  pentamidine  measured 
on  each  side  of  the  filters  and  the  total  amount 
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Table  4.  Study  ot  Worst-Case  Pentamidine  Aerosol  Coniamination  in  Body  Plethysmograph* 


A 

B 

C 

D 

E 

Total  Pentamidine  (jjg) 

Avg  Concentration 

Rate  of  Increase 

Potential  Inhaled 

Nebul 

zins 

Time 

(avg  of  3  filters) 

of  Pentamidine 

of  Pentamidine 

Pentamidine  with 

(Min) 

(Total) 

(V;  =  2  L/mIn) 

in  Bo.\  (/jg/L) 

in  Boxt  (/jg/min) 

1-min  Leak+  (pg/min) 

0-1 

1 

<   4.8 

<   2.4 

— 

— 

0-6 

3 

45.6 

4.6 

1.85 

4.4 

6-16 

10 

249 

12.5 

2.5 

6.0 

16-31 

15 

585 

19.5 

2.6 

6.2 

*  See  text  for  details  of  experiment. 

t  Assumes  linear  accumulation  of  pentamidine  in  box  during  ncbulization. 

+  Assumes  the  concentration  in  Column  D.  \  6  L/min.  and  40'7r  retention  in  the  lung. 


of  pentamidine  in  each  filter  are  shown  in  Table 
5.  First  and  most  impoilant  is  the  fact  that  >30% 
of  the  pentamidine  passed  through  the  first  filter 
(Hospitek).  indicating  the  inadequacy  of  that 
particular  filter.  The  second  point  to  emphasize  is 
that  merely  eluting  pentamidine  off  the  surface  of 
the  downstream  side  does  not  ensure  the  efficiency 
of  the  filter:  as  the  aerosol  passes  through  the  filter, 
it  does  not  deposit  on  the  downstream  side.  It  is 
necessary  to  place  a  second  filter  and  measure  the 
total  amount  of  material  in  that  second  filter  by 
washing  the  dissolving  solution  (in  this  case,  water) 
through  the  filter  because  only  a  portion  of  material 
will  be  captured  by  simply  washing  the  surface. 
Therefore,  Dr  Ogawa's  data  referred  to  earlier  may 
be  misleading  because  only  the  surface  of  the 
downstream  side  was  tested;  pentamidine  could  have 
passed  into  the  room  air.  but  the  six  exchanges  of 
ventilation  per  hour  may  have  been  sufficient  to 
keep  the  concentration   below  detectable   levels. 

Table  5.  Pentamidine  Concentration  from  Filters  Used  in  Two 
Devices  in  Body  Plethysmograph* 


First  Filter 

Second  Filter 

(Hospitek) 

(Marquest) 

Site 

inpg 

in  /jg 

Upstream  side 

1.102 

<  63 

Dow  nstream  side 

65 

<  63 

Flush  through 

210 

612 

Total  and  % 

1.377(69%) 
experiment. 

612(31%) 

*See  text  for  details  of 

Clearly,  additional  data  of  this  sort  must  be  collected 
to  test  the  adequacy  of  the  filters  in  a  system. 

Perhaps  of  greater  concern  is  the  environmental 
contamination  by  the  patient  population's  cough 
aerosols.  In  particular,  tuberculosis  has  been 
recognized  as  an  increasingly  common  infection  in 
the  AIDS  population.-^  For  control  of  cough 
aerosols, -■*  one  must  turn  to  room  ventilation, 
filtration  of  air,  and  potential  sterilization  of  air  u  ith 
ultraviolet  radiation. 

Room  Ventilation 

Downdraft  ventilation  and  positive-pressure 
rooms  have  been  used  to  minimize  infection  in 
highly  susceptible  patients,  such  as  those  having 
bone-marrow  transplant  or  orthopedic  joint- 
replacement  surgery.  The  opposite  occurs  when 
aerosol  and  cough  containment  is  the  problem:  here, 
negative-pressure  rooms  are  desirable  to  prevent 
spread  of  contaminants  to  other  areas.  However, 
the  effectiveness  of  room  ventilation  to  control 
environmental  contamination  is  questionable. 

In  the  early  1 9U()s,  it  u  as  recommended  that  fresh- 
air  ventilation  be  a  generous  30  cubic  feet/min/ 
person  to  control  body  odor,  not  infection.  This  was 
reduced  to  10  cubic  feet/person  in  1930:  in  1973, 
with  the  rise  in  the  price  of  heating  oil,  even  lower 
standards  were  introduced.-''  Ventilation  standards 
for  health-care  facilities  have  been  published  by  the 
Federal  Health  Resources  and  Services  Adminis- 
tration- and  the  American  Society  of  Heating, 
Refrigerating,  and  Air  Conditioning  Engineers;-''  the 
cuirent   recommendation    is    20   cubic    feet/min/ 
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person.-''  The  usually  cited  six  changes  of  room 
air/hour  is  based  on  a  >  99%  remo\  al  of  particulates, 
assuming  adequacy  of  fihration  or  introduction  of 
clean  outdoor  air.  Problems  with  filters  and  buildup 
of  toxic  vapors  or  very  small  particulates  (<  0.1 
/7m)  would  reduce  the  effectiveness  of  recirculated 
ventilation.  Even  if  ventilation  is  adequate,  the 
followHig  example  will  emphasize  further  the 
inadequacy  of  ventilation  to  protect  the  health-care 
worker.  If  a  pentamidine-acrosol  treatment  room's 
dimensions  were  10  x  20  x  10  feet  (a  volume  of 
2,000  cubic  feet)  and  it  contained  five  pa- 
tients, then  10  cubic  feet/min/person  would  mean 
5x10x60  =  3,000  cubic  feet/hour,  or  only  1.5 
changes/hour;  this  would  result  in  removal  of  <90% 
of  particulates.  To  achieve  six  changes/hour  would 
require  40  cubic  feet/min/person,  twice  the  current 
recommendation,  a  somewhat  costly  but  still 
achievable  level  of  ventilation.  However,  it  was 
shown  many  years  ago  (1967)  by  Riley,-^  and  more 
recently  re-emphasized  by  Riley  and  Nardell,-**  that 
in  a  situation  where  an  infectious  patient  is  actively 
coughing  into  the  air,  resulting  in  1  to  12  "quanta 
of  infectious  doses,"  even  125  cubic  feet/min/ 
person  is  inadequate.  Such  ventilation  is  unrealistic 
and  too  costly  and  still  not  protective  against 
tuberculosis.  The  situation  may  even  be  20  times 
worse  in  a  bronchoscopy  situation,  where  as  many 
as  250  ■ 'quanta"  ■  may  be  released  into  the  air.-'^ 

Ultraviolet  Light 

Ultraviolet  light  was  initially  shown,  by  Wells  et 
al  in  1942,  to  be  effective  in  controlling  measles 
contagion.'"  Subsequent  wcirk  by  Riley  et  al,^'  in  1962, 
demonstrated  the  susceptibility  of  a  number  of 
infectious  aerosols  to  ultraviolet  light.  They  further 
estimated  that  efficient  use  of  ultraviolet  radiation  may 
be  equivalent  to  mom  \eiitilation  as  high  as  100  cubic 
feet/min/person.  As  pointed  out  here  earlier,  even  that 
is  inadequate  when  a  highl\  infectious  subject  is 
coughing,  particularly  in  the  direct  vicinity  of  a  health- 
care worker.  Furthermore,  the  effectiveness  of 
ultraviolet  light  may  be  much  less.  piuticularl\  in 
hospital  rooms  where  ventilation  is  directed  downward 
from  the  ceiling.  The  ultraxiolet  tlxture.  which  is 
generally  placed  1-2  feet  from  the  ceiling,  is  therefore 
less  effective.  Dr  Janet  Mocher  of  the  California  State 
Department  of  Public  Health  and  the  National  Institute 
of  Occupational  Safet\  and  Health  (NIOSH)  are 
cunently  re-evaluating  the  effectiveness  and  safety  of 


ultraviolet  light.  There  is  concern  that  ultraviolet 
radiation  may  add  yet  further  risks  to  health-care 
workers.  Improper  use  of  ultrav  iolet  light,  or  excess 
exposure,  may  produce  photo  damage  to  the  ev  e.  skin, 
and,  most  seriously,  the  immune  system,  with  a 
potential  for  increased  carcinogenesis. '- 

The  potential  bypass  of  exhaust  filters,  the  absence 
of  effective  room  ventilation,  and  the  questionable 
efficacy  of  ultraviolet  radiation  have  led  to  the 
recommendation  of  the  use  of  special  containment 
areas  for  potentially  toxic  aerosols  and  highly 
infectious  patients.  A  double-hood  system  has  been 
described  by  Chamey  et  al  for  the  control  of  ribavirin 
aerosol  given  to  infants.-  For  delivery  of  pentamidine 
or  perhaps  for  sputum  induction,  an  enclosed  booth 
(Emerson  Corp),  plastic  hoods  (Peace  Medical),  or 
exhaust  cubicles  that  mav  be  either  mobile  or  fixed — 
as  developed  by  Dr  Chiuiiev  at  San  Francisco  General 
Hospital — have  been  proposed.  By  the  use  of  high- 
tlow  pumps  and  high-efficiency  filtration,  these 
devices  directly  contain  or  exhaust  both  the  aerosol 
and  the  patient's  cough  effiuent:  however,  they  do 
separate  the  patient  from  the  health-care  worker,  and 
they  would  not  be  feasible  for  severely  ill  ho.spitalized 
patients  or  during  specialized  procedures  such  as 
bronchoscopy  or  nasotracheal  lavage.  For  these 
situations,  direct  protection  of  the  health-care  worker 
is  the  only  choice. 

Direct  Protection  of  the  Health-Care  Worker 

Since  the  middle  of  the  19th  centurv.  when  Lister 
and  Semnielweis  described  the  germ  theory  of 
disease — hand-washing,  gloves,  and  surgical  masks 
have  been  used  religiously.  Disinfectant  soap  is  onlv 
temporarily  and  partially  effective:  gloves  are 
frequently  pierced  by  needles;  and  masks  are  only 
now  being  carefully  evaluated  and  shown  to  be  only 
partially  effective  as  protectit>n  for  the  patient  and 
of  minimal  benefit  to  the  health-care  worker.  It  was 
as  late  as  1980  that  the  leakage  of  bacteria  around 
the  sides  of  masks  was  emphasized  as  a  source  of 
infection  of  the  patient.''  It  is  necessary  to  wear 
a  hood  that  contains  the  leaks  around  the  sides  and 
chin  portion  ot  the  mask  to  more  fully  contain  the 
bacteria.  Similarly,  though  a  surgical  mask  may 
prevent  the  inhalalion  ol' aerosols  through  the  mask. 
even  large-diameter  particles  with  the  largest  mass 
of  offending  agents  will  readily  pass  around  the 
edges  of  loose-fitting  masks. 
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The  most  atlcntion  lo  mask-ctTccti\cncss  has  been 
paid  primarily  in  the  industrial  setting.  Studies  by 
Tuomi  published  in  1985  showed  that  the  filtration 
mass  efficiencN  of  4  loose-fitting  face  masks  \aried 
from  33-SI7f.'-*  In  general,  the  filter  materials  were 
good,  with  >95%  efficiency  for  particles  >5  /.im. 
but  there  was  great  variation  for  smaller  particles. 
One  mask  was  <  109^  effective  for  particles  <  2  ;;m. 
while  the  best  of  the  four  masks  was  only  50-709^ 
effective  for  these  smaller  particles.  In  another  study. 
by  Chen  et  al.''^  published  in  1990.  Tuomi  "s  findings 
were  confirmed  and  extended  to  show  a  5-20% 
leakage  of  small  particles  through  masks  when 
tlov\  rates  were  increased  from  5  L/min  to  32  and 
95  L/min.  as  might  occur  with  heavy  exertion.  Other 
studies  ha\  e  demonstrated  the  almost  zero  efficiency 
of  cheap  disposable  paper  masks,  versus  the  78- 
lOOVf  efficiency  of  synthetic  or  glass  fiber 
materials'*^  (Table  6). 

Table  6.  Characteristics  and  Costs  of  a  Mask  and  Protective 
Respirators 


Type 


Material        Efficiency*   FitTesft 


Cost 


Surgical      Paper  O-SO^r  —        S0.12-$0.50 

3M#8710  Polypropylene  999c  300:1  $0.70 

3M#9970  Polypropylene      99.99%       2,000:1  S5.50 


*  From  References  33  to  35. 

t  Ratio  of  particulate  or  aerosol  in  ambient  air  compared  to 
that  passing  through  the  filter. 


To  protect  the  health-care  worker  from  the  small- 
particle  aerosols  produced  by  pentamidine  and 
ribavirin,  a  high-quality  synthetic-fiber  mask  with 
good  fit  is  needed.  Masks  are  now  available  that 
achieve  or  even  exceed  the  efficiency  of  replaceable, 
cartridge  face  masks  (Table  6).  These  masks  also 
need  to  ha\e  an  effective  sea!  that  meets  NIOSH/ 
MSHA  standards.  Mask-fit  testing  and  safety 
programs  need  to  be  instituted  if  high-efficiency 
masks  are  to  be  worn  by  health-care  workers. 
However,  the  use  of  such  masks  o\er  prolonged 
periods  of  patient  care  has  not  been  studied,  is  not 
practical,  and  is  not  the  preferred  or  recommended 
method  for  effective  protection  of  the  health-care 
worker  except  during  specialized  procedures  such 
as  bronchoscopy,  sputuin  induction,  or  treatment 
of  patients  known  to  be  infectious. 


Conclusions  and  Kecommendations 

Contaimncnt  of  potentially  toxic  aerosols  remains 
an  inadequate!)  studied  subject.  The  actual  degree 
and  risk  of  exposure  to  pentamidine  have  not  been 
determined.  In  the  future,  parallel  protocols  to 
determine  levels  of  exposure  and  risks  to  health- 
care workers  need  to  be  instituted  simultaneously 
during  clinical  trials  of  potentially  toxic  aerosoli/ed 
agents.  Control  of  exhaust  aerosols  is  feasible  with 
proper  methods  of  aerosol  administration  and 
exhaust  filtration.  Development  of  automatic  shutoff 
devices  for  nebulizers  and  testing  to  determine  the 
adequacy  of  filters  need  to  be  emphasized.  Control 
of  infectious  diseases  resulting  from  cough  aerosols 
is  of  equal — and  in  many  situations,  higher — 
priority.  Most  importance  must  be  placed  on  case 
control  and  recognition  of  patients  with  infectious 
diseases  because  room  ventilation  and  ultraviolet 
light  are  not  always  adequate  measures,  isolation 
of  all  patients  in  enclosures  is  not  possible,  and 
effective  long-term  use  of  protective  masks  or 
respirators  by  health-care  workers  is  not  practical. 
Nevertheless,  negative-pressure  rooms  with  at  least 
six  air  changes  per  hour,  careful  and  proper  use 
of  ultraviolet  radiation,  and  protective  masks  should 
all  be  available  in  pentamidine-aerosol.  bronchos- 
copy, and  sputum-induction  clinics.  An  alternate 
strategy,  and  perhaps  more  economic  and  effective, 
may  be  the  use  of  containment  areas,  booths,  or 
exhaust  hoods — particularly  when  adequate  venti- 
lation is  not  available  and  the  patient  population 
is  at  high  risk  for  tuberculosis  and  other  unrecog- 
nized or  inadequately  treated  infectious  di.seases. 
Guidelines  for  preventing  tuberculosis  transmission, 
including  more  specific  recommendations  for 
specific  hospital  and  health-facility  situations,  are 
available  from  the  Centers  for  Disease  Control.''' 
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Control  of  Tuberculosis  diu  ing  Aerosol 
Therapy  Administration 

Richard  E  Chaisson  Ml)  and  Sluuoii  Mc.\\imic  RN 


Introduction 

Aerosol  therapy  has  gained  an  important  position 
in  the  treatment  of  selected  groups  of  patients  in  re- 
cent years.  In  particular,  aerosolized  pentamidine 
therapy  has  become  an  increasingly  popular  meth- 
od to  prevent  Piiciiiuocysti.s  ccirinil  pneumonia  in 
patients  immunocompromised  by  human  im- 
munodeficiency \irus  (HIV)  infection  or  other  con- 
ditions.' "'  While  the  selective  delivery  of  pen- 
tamidine to  the  alveoli  by  aerosol  administration 
has  been  effective  in  avoiding  systemic  toxicity 
and  in  pre\enting  P  cariiiii  pneumonia,  problems 
w  ith  this  treatment  regimen  have  occuired.  Se\  eral 
recent  reports  ha\e  implicated  pentamidine  aerosol 
therapy  with  the  transmission  of  Myvohacteriiiiii  tu- 
berculosis to  other  immunocompromised  patients 
and  to  health-care  workers  at  HIV  care  centers."''' 

The  association  of  pentamidine  aerosol  therapy 
with  tuberculosis  transmission  is  not  surprising. 
Aerosolized  pentamidine  is  a  potent  inducer  of 
bronchospasm  and  cough,  and  reactivation  of  M  tii- 
hcnulosis  infection  is  a  common  complication  of 
advanced  HIV  infection.''  In  the  first  report  of  pen- 
tamidine aerosol  therapy  for  treatment  of  acute  P 
carinii  pneumonia.  Montgomery  et  al  found  that  14 
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of  15  patients  experienced  exacerbation  of  cough 
with  treatment.  In  subsequent  studies  of  preven- 
tive pentamidine  aerosol  therapy,  cough  and  bron- 
chospasm have  been  reported  frequently,  though 
less  often  than  in  patients  being  treated  for  active  P 
cciriiiii  pneumonia.  Leoung  and  ct)-\vorkers  found 
that  31-40%  of  patients  with  advanced  HIV  disease 
who  received  \arious  doses  of  pentamidine  aerosol 
via  the  Respiigard  II  nebulizer  (Marquest  Medical 
Products.  Englewood  CO)  experienced  severe 
cough  (Table  I).'  Deli\ery  of  pentamidine  aerosol 
with  the  FlSONeb  nebulizer  (Fisons  Coip.  Roch- 
ester NY)  in  another  study  resulted  in  cough  in 
657(  of  patients  during  their  first  treatment  and 
537r  of  patients  after  16  treatments,  significantly 
higher  proporli(Mis  than  in  saline-treated  controls 
(Table  2).'*  Thus,  pentamidine  aerosol  therapy  will 
frequently  elicit  cough,  and  high-volume-delivery 
devices  may  produce  cough  more  often. 

Table  1.     Pentamidine  .Aerosol  Therapy  and  Cough  m  a  Study 
Using  a  Respirgard  II  Nebulizer* 


Pentamidine 

No 

Severe  Con 

sh/ 

Dose 

No.  Patients 

9r  Severe  Cough 

30  mg 

42/13-S 

31% 

ISOtna 

.'i4/l34 

40% 

301)  mg 

.S.V139 
permission,  from  Ref 

jrence 

38% 

*  Adapted 

with 

2. 

Patienls  wiih  HIV  infection  are  at  increased  risk 
for  a  number  of  respiratory  infections,  some  of 
which  are  potentially  transmissible  by  coughing 
(Table  3).  While  transmission  of  respiratory  viruses 
during  aerosol  therapy  is  of  some  concern,  trans- 
mission of  M  iiilwrculiisls  is  a  major  clinical  and 
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Table  2.     Frequency  of  Cough  in  Patients  Receiving  Placebo 
or  Pentamidine  in  a  FISONeb  Nebulizer* 


Treatment  Group 


Phase  of  Treatment 


Placebo  Pentamidine  60  mgt 


1st  treatment 
Kith  trcatniL-nt 
16th  treatment 


4/19  (217f) 
3/19(l6'7f) 
0/13(0*) 


11/17(65%) 

10/16  (63''''r) 

8/15  (53*J 


*Adapted.  w  ith  permission,  from  Reference  8. 
tp<0.05, 

public  health  issue.  Impairment  of  cell-mediated 
immunity  by  HIV  infection  result.s  in  increased  risk 
of  reactivation  of  tuberculosis'^  and  increased  sus- 


ceptibility to  progressive  primary  tuberculosis 


In 


the  first  50  weeks  of  1990.  the  tuberculosis  case 
rate  in  the  United  States  increased  87r  over  the 
1989  rate."  It  is  estimated  that  since  1985  there 
ha\  e  been  appro.ximately  25.000  excess  cases  of  tu- 
berculosis in  the  United  States,  largely  a  con- 
.sequence  of  the  HIV  epidemic.  Studies  matching 
AIDS  and  Tuberculosis  Registries  in  a  number  of 
jurisdictions  have  shown  that  between  2  and  97^  of 
AIDS  cases  also  have  tuberculosis  (Table  4).'-  The 
prevalence  of  tuberculosis  in  patients  with  AIDS  or 
HIV  infection  is  higher  in  immigrants  from  de- 
veloping countries.  Blacks,  Hispanics.  intravenous 
drug  users,  and  prisoners  than  in  other  groups.^ '"^"'"' 
For  example,  approximately  70%  of  adults  in  some 
parts  of  Haiti  have  positive  tuberculin  skin  tests,"" 
and  22%  of  intravenous  drug  users  in  New  York 
City  are  tuberculin  positive,'  indicating  past  in- 


Table  3.    Polcnlial    Iransmissmn   Routes  ol    RcspiraUns    In- 
fections in  HIV  Patients  Receiving  Aerosol  Therapy 


Airborne 


Direct  Contact 


Other  Routes 


M  luherciilosis 
Intluen/a 
Varicella  zoster 
Measles 
Legionella 


Adenovirus 

P.irainflucn/a 

RhinoNuus 

RSV* 

H  influenzae 

Mycoplasma 


P  ccirinii 
S  pnciinwuiac 
C  nc'ot<>nniin\ 
H  capMtliiiuiii 
CMV 


*R.SV  =  respiratory  syncytial  virus.  CMV  =  cylomegalo-virus. 


fection  with  A7  luhcnulosis.  When  HIV-induced 
immunosuppression  occurs  in  these  groups,  high 
rates  of  tuberculosis  can  be  expected.  Tuberculosis 
has  been  reported  in  all  categories  of  patients  with 
HIV  infection,  however,  and  is  a  possible  com- 
plication of  pentamidine  aerosol  therapy  in  most 
settings.  Consequently,  strategies  to  pre\ent  the 
transmission  of  airborne  pathogens,  particularly  A/ 
tuberculosis,  are  needed  for  clinics  and  health-care 
facilities  that  pro\  ide  pentamidine  aerosol  therapy. 


Table  4.    Association  of  AIDS  and  Tuberculosis  in  Registry 
Matching  Studies* 


Location/Time 


'7f  AIDS  Cases  with  TB 


San  Francisco.  1981-1988 
Florida,  1981-1985 
New  York  City.  1981-1985 
Connecticut.  1982-1986 


2% 
9% 
5% 
5% 


*Reprinted.  with  permission,  from  Reference  12. 

Transmission  of  M  Tuberculosis  and 
Aerosol  Therapy 

In  1989,  the  Centers  for  Disease  Control  (CDC) 
reported  an  outbreak  of  tuberculin  skin-test  conver- 
sions in  health-care  workers  in  a  Florida  HIV  clin- 
ic."* The  clinic  provided  primary  care  to  AIDS  pa- 
tients, including  39  patients  with  pulmonary 
tuberculosis,  14  of  whom  were  sputum  smear- 
positive.  In  addition  to  the  provision  of  pen- 
tamidine aerosol  treatments  to  patients  (inckiding 
patients  with  tuberculosis),  diagnostic  sputum  in- 
ductions were  performed  on  individuals  uiih 
smear-positive  pulmonarv  tuberculosis.  A  case- 
control  study  of  tLibcrculin  coinerlors  ami  controls 
indicated  that  being  a  full-time  worker,  working  in 
the  clinical  care  area  of  the  building,  being  non- 
white,  and  being  present  during  pentamidine  aero- 
sol therap\  were  all  signilicanllv  more  likels' 
among  convertors  than  controls.  Interestinglv.  hav- 
ing face-to-face  ctMitact  with  an  employee  with 
sputum  smear-negalivc  tuberculosis  was  not  as- 
sociated with  skin-test  coineision.  No  tiala  were 
given  on  exiiosuiv  (o  jtalicnls  tiiuleigoing  s|iuiiim 
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induction.  An  investigation  of  building  ventilation 
revealed  that  over  909^  of  air  was  recirculated  in 
the  building  and  that  the  pentamidine  treatment  and 
sputum-induction  areas  had  positive  air  pressure 
relative  to  other  clinic  areas.  A  more  recent  and 
ominous  report  of  transmission  of  niulti-drug- 
resistant  M  mhercitlosis  to  HIV-infected  patients 
and  to  health-care  workers  at  a  Florida  hospital  also 
may  be  associated  with  aerosol  therapy,  though  nu- 
merous other  factors  are  clearly  involved.^  The 
common  themes  in  both  outbreaks  are  inadequate 
isolation  of  patients  with  suspected  or  known  tu- 
berculosis, administration  of  cough-inducing  ther- 
apy to  patients  with  active  pulmonary  infections, 
inadequate  infection-control  procedures  during  spu- 
tum induction,  and  substandard  ventilation  systems 
in  health-care  facilities  with  a  large  number  of  tu- 
berculosis patients. 

A  number  of  factors  determine  the  likelihood 
that  a  person  with  tuberculosis  will  transmit  in- 
fection to  susceptible  contacts.  M  tuberculosis  is 
transmitted  person-to-person  by  droplet  nuclei,  2- 
to  5-ynm  particles  expelled  during  coughing,  talk- 
ing, singing,  or  sneezing,  that  contain  one  or  more 
bacilli  and  that  are  distributed  by  random  diffu- 
sion.'^ Factors  involved  in  transmission  from  the 
source  tuberculosis  case  include  the  number  of  ba- 
cilli in  the  lungs  or  other  respiratory  sites,  the  fre- 
quency of  coughing,  w  hether  the  mouth  is  covered 
during  coughing,  and  whether  antituberculosis 
chemotherapy  is  administered.'**  In  a  study  of  tu- 
berculosis cases  and  household  contacts  younger 
than  14  years  old,  Loudon  and  Spohn  found  that  tu- 
berculin reactivity  in  contacts  was  strongly  as- 
sociated with  the  presence  of  acid-fast  bacilli  on 
sputum  smears,  radiographically  advanced  disease, 
and  higher  overnight  total  cough-counts  in  cases 
(Table  5).'''  Other  studies  have  shown  that  close 
and  frequent  contact  with  tuberculosis  cases  is 
more  likely  to  result  in  infection  with  M  nihcrcido- 
sis  than  casual,  non-household  contact.-"  Exposure 
to  patients  after  the  initiation  of  antituberculosis 
therapy  is  significantly  less  likely  to  result  in  in- 
fection in  both  guinea  pigs  and  humans.-'  --  In  the 
health-care  setting,  smear  positivity,  radiograph- 
ically advanced  disease,  and  exposure  to  untreated 


cases  also  predict  infectivity.-'  Studies  in  the  early 
chemotherapy  era  suggested  that  drug-resistant  M 
tuberculosis  may  be  less  transmissible  than  drug- 
susceptible  isolates.  More  recent  studies  (including 
multi-drug-resistant  isolates  of  M  tuberculosis)  in- 
dicate that  drug-resistant  organisms  can  be  easily 
transmitted  to  susceptible  individuals.^-' 


Table  3.    Infectiousness  of  Tuberculosis  Cases  for  Household 
Contacts  Younger  than  14  Years  of  Age* 


Contacts 

Case  Variable 

%  Tuberculin  Reactors 

Radiographic  extent  of  disease 

Minimal 

16.1 

Moderately  advanced 

28.3 

Far  advanced 

61.5 

Bacteriologic  status 

Culture  negative 

14.3 

Culture  positive/smear  negative 

21.4 

Smear  positive 

44.3 

Mean  8-hour  overnight  cough-count 

<12 

27.5 

12-48 

3L8 

>48 

;ferenct 

43.9 

*Reprinted.  with  permission,  from  R 

'  19. 

Transmission  of  M  tuberculosis  by  individuals 
with  HIV  infection  and  active  tuberculosis  appears 
no  more  likely  than  in  non-HlV-infected  tuberculo- 
sis patients  (unpublished  data,  NYC  Dept  Health, 
Centers  for  Disease  Control).  In  fact,  some  ev- 
idence suggests  that  HlV-related  tuberculosis  cases 
:nay  be  less  infectious  than  non-HlV-related  ca.ses. 
Studies  in  Africa-'*  and  the  United  States-^  dem- 
onstrate that  the  frequency  of  positive  sputum 
smears  is  significantly  lower  in  HlV-seropositi\e 
persons  with  tuberculosis  than  in  HlV-sero- 
negative  patients.  In  addition,  several  studies  dem- 
onstrate that  patients  with  HIV  and  tuberculosis 
have  less  radiographically  advanced  disease  and 
fewer  cavities,  suggesting  a  decreased  likelihood  of 
transmitting  infection."  Nevertheless,  between  40 
and  60'7f  of  HIV-related  tuberculosis  ca.ses  have 
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positive  sputum  smears,  and  the  potential  for  trans- 
mission is  very  real.'""^  Thus,  HIV-infected  pa- 
tients at  high  risk  for  tuberculosis  who  undergo 
cough-producing  procedures  pose  the  potential  risk 
of  transmitting  M  tuberculosis  in  the  health-care 
setting. 

Preventing  Transmission  of  Infections  during 
Aerosol  Therapy 

Several  approaches  to  the  control  of  infections  in 
health-care  workers  and  others  exposed  to  persons 
receiving  pentamidine  aerosol  therapy  are  nec- 
essary (Table  6).  First  and  foremost  is  the  pre- 

Table  6.    Approaches  To  Preventing  TB  Transmission  during 
Aerosol  Therapy 

TB  chemoprophylaxis  for  all  al-risk  patients 

Rapid  diagnosis  and  management  ol  TB 

Reduce  cough  with  aerosol  therapy 

Ventilation  controls 

Air  filters 

Disinfection  with  UV  light 

Protective  devices 

vention  of  infections  or  disease,  particularly  tu- 
berculosis, in  patients  with  advanced  HIV  infec- 
tion.'^ Second,  early  diagnosis  and  treatment  of  po- 
tentially infectious  processes,  and  isolation  of  pa- 
tients suspected  to  have  tuberculosis,  are  essential. 
Third,  reducing  the  likelihood  of  generating  cough 
during  aerosol  therapy  may  also  be  important  in  re- 
ducing tuberculosis  transmission.  Fourth,  a  number 
of  engineering  controls  can  be  employed  that  will 
substantially  reduce  the  probability  of  transmission 
of  M  tuberculosis  or  other  respiratory  pathogens 
when  an  infected  individual  is  treated  with  pen- 
tamidine aerosol.  Finally,  personal  protectit)n  de- 
vices can  be  used  to  prevent  acquisition  of  M  tu- 


berculosis by  health-care  workers  when  other  mea- 
sures are  not  feasible  or  adequate.-** 

Prevention  of  tuberculosis  in  persons  with  HIV 
infection  is  perhaps  the  most  important  strategy  for 
controlling  nosocomial  transmission  of  M  tuber- 
culosis. The  risk  of  progressing  from  inactive  in- 
fection (usually  indicated  by  a  positive  purified 
protein  derivative  [PPD]  skin  test)  to  active  disease 
is  extremely  high  in  persons  with  HIV  infection. 
Three  prospective  cohort  studies  have  demonstrat- 
ed that  the  risk  of  developing  tuberculosis  for  HIV- 
infected  persons  with  a  positive  tuberculin  skin  test 
or  in  a  group  at  very  high  risk  for  M  tuberculosis 
infection  is  higher  than  in  any  patient  population 
ever  studied  (Table  7).'^-''-'"  The  CDC  has  rec- 
ommended that  all  HIV-seropositive  persons  with  a 
positive  PPD,  defined  as  greater  than  5-mm  in- 
duration, receive  chemoprophylaxis  with  isoniazid 
for  12  months."  '-  I.soniazid  prophylaxis  has  been 
shown  to  significantly  reduce  the  risk  of  devel- 
oping active  tuberculosis  in  HIV-infected  adults 
studied  in  Zambia. ""  A  number  of  studies  are  cur- 
rently under  way  evaluating  the  safety  and  efficacy 
of  shorter  courses  of  rifampin,  with  or  without  py- 
razinamide.  in  preventing  tuberculosis  in  HIV- 
infected  persons.'^ 

Identification  of  persons  with  HIV  infection  at 
risk  for  tuberculosis  may  be  difficult,  as  cutaneous 
anergy  is  an  early  finding  in  HIV  infection.'''^  Stud- 
ies of  patients  with  HIV  infection  and  active  tu- 
berculosis show  that  .^9-659r  have  a  greater  than 
10-mm  respon.se  to  PPD.'-  As  noted,  however,  the 
CDC  now  advises  that  a  5-mm  induration  be  used 
as  the  cutoff  point  for  detemiining  M  tuberculosis 
infection  in  high-risk  groups,  including  persons 
with  HIV  infection.'-  Studies  in  Haiti  indicate  that 
approximately  70%  of  asymptomatic.  HIV-infected 
adults  have  a  response  >  5  mm  to  PPD,  similar  to 
the  proportion  of  HIV-seronegative  adults  with  a  > 


Table  7.    Risk  of  Tuberculosis  in  HIV-infected  Adults 


Population/ 
Reference 


Follow-llp 

Time 


HIV-Positive 
No.  with  TB/Totai  (%) 


HlV-Negative 
No.  with  TB/Total  (%) 


I.V.  Drug  Users.  Bronx'' 
Postpartum  Women.  Zaire^' 
Adult  Women.  Rwanda'" 


24  month 
32  month 
24  month 


7/49  (14.0%) 
19/249  (7.6%) 
20/473    (4.2%) 


0/62  (0%) 
1/310  (0.3%) 
1/997   (0.1%) 
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lO-iiiin  rcspunse.'"  While  the  liibeivulin  skin  test 
will  not  identify  all  HIV-infected  persons  who  may 
benefit  from  chemoprophylaxis,  it  remains  the  best 
diagnostic  tool  available.  All  persons  with  newly 
diagnosed  HIV  infection  should  ha\e  a  tuberculin 
skin  test  performed,  and  an\  patient  \\  ith  a  >  ?-mm 
reaction,  or  a  history  of  a  positi\e  reactiein.  should 
receive  isoniazid  prophylaxis.  In  st)ine  populations 
of  HIV-infected  patients  at  increased  ri.sk  of  M  tu- 
hcrculdsis  infection,  however,  clinicians  may  wish 
to  administer  chemoprophylaxis  irrespecti\e  of  tu- 
berculin skin-test  results. 

Prompt  diagnosis  and  treatment  of  tuberculosis 
is  the  next  most  important  strategy  for  preventing 
transmission  of  M  iiiheniilnsis  to  household  con- 
tacts and  in  health-care  settings.  I'ndiagnosed  tu- 
berculosis remains  the  most  common  source  of  M 
tuhenidosis  infection  in  health-care  workers.  The 
two  Florida  outbreaks  cited  above  involved  tu- 
berculosis cases  that  went  undiagnosed  for  some 
time.^^  Patients  with  undiagnosed  pulmonary  dis- 
ease should  not  recei\e  pentamidine  aerosol  ther- 
apy. Rather,  they  should  be  referred  for  immediate 
clinical  evaluation,  including  chest  radiographs 
and,  if  appropriate,  sputum  induction  or  bron- 
choscop).'''  Respiratory  tract  specimens  from  pa- 
tients with  HIV  infection  and  pulmonars  disease 
should  always  be  sent  for  acid-fast  stains  and  my- 
cobacterial cultures.  HIV-infected  patients  with  un- 
diagnosed pulmonary  disease  should  be  considered 
to  be  an  infectious  risk  and  should  be  subject  to  ap- 
propriate infection-control  precautions,  including 
use  of  masks  and  isolation  rooms.  If  tuberculosis  is 
diagnosed,  infection-control  precautions  should  be 
maintained  until  sputum  smears  are  negative  and 
the  patient  has  received  2  weeks  of  antituberculosis 
therapy.'**  Pentamidine  aerosol  can  be  administered 
to  patients  w  ith  pulmonary  tuberculosis  who  are  re- 
ceiving appropriate  therapy  and  who  have  negative 
sputum  smears. 

Aerosol-therapy  regimens  should  be  designed  to 
minimi/e  the  frequency  of  cough  as  an  adverse  re- 
action. Pentamidine  isethionate  can  induce  cough 
when  delivered  to  the  airways,"  and  other  pen- 
tamidine salts  may  trigger  bronchospasm  equally 
often.  Therefore,  reducing  airway  deli\ery  of  pen- 
tamidine and  maximizing  alveolar  deli\ery  should 
enhance   efficacv   and    reduce   ad\erse   reactions. 


Nebuli/crs  that  generate  particles  with  a  mass  me- 
dian aerodynamic  diameter  <  5  /im  will  maximize 
alveolar  deposition  and  reduce  airway  delivery. 
The  currently  recommended  nebulizer  for  ad- 
ministering pentamidine  aerosol,  the  Respirgard  II, 
generates  particles  in  this  size  range.  Nevertheless, 
even  with  appropriately  sized  particles,  consid- 
erable airways  deposition  occurs,  and  other  cough- 
reducing  strategies  may  need  to  be  employed.  The 
rate  at  which  pentamidine  aerosol  therapy  is  ad- 
ministered may  affect  the  frequency  of  cough.  Neb- 
ulizers that  are  highly  efficient  and  deliver  pen- 
tamidine rapidly  may  cause  an  increased  frequency 
of  cough  and  bronchospasm.  In  general,  delivery 
systems  that  cause  fewer  ad\erse  reactions  are  pre- 
fened.  However,  this  concern  needs  to  be  balanced 
against  other  important  issues  such  as  cost,  con- 
venience, and  time.  Pretreatment  of  patients  who 
experience  cough  during  pentamidine  aerosol  ther- 
apy with  inhaled  beta  agonists  is  highly  effective.'-^ 
Routine  pretreatment  should  be  reserved  for  those 
patients  who  have  reacted  \.o  prior  treatments  with 
moderate-to-severe  coughing.  When  cough  de- 
velops during  a  treatment,  pentamidine  aerosol 
should  be  stopped  and  the  patient  treated  with  an 
inhaled  beta  agonist.  A  standard  metered  dose  in- 
haler or  other  device  designed  for  bronchodilator 
therapy  should  be  used.  When  cough  occurs,  it  is 
important  that  patients  be  instructed  to  cover  their 
mouths.  This  seemingly  obvious  and  simple  ma- 
neuver will  substantially  reduce  the  number  of  in- 
fectious particles  suspended  in  the  air  of  a  room."* 
Exhaust  filters  on  hand-held  nebulizers  may  also 
entrap  coughed  particles,  but  only  if  the  patient 
keeps  the  mouthpiece  in  the  mouth  while  coughing. 
Because  patients  are  not  likely  to  cough  into  a  neb- 
ulizer, therapists  administering  aerosol  therapy  may 
wish  to  instruct  patients  to  remove  the  mouthpiece 
and  cover  their  mouths  when  they  cough,  for  more 
effective  control  of  infectious  pailicles. 

Environmental  and  engineering  factors  are  ex- 
tremely important,  in  addition  to  the  patient  and 
nebulizer  factors  listed  above,  in  controlling  in- 
fections in  a  health-care  facility.  Central  to  the  con- 
trol of  infection  (and  drug  exposure)  is  adequate 
ventilation.  The  number  of  air  changes  per  hour,  air 
pressure  relative  to  adjacent  areas,  recirculation  of 
air,  and  use  of  particle  filters  all  contribute  to  con- 
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trol  of  infections  in  the  health-care  setting.  Guide- 
Mnes  for  ventilation  of  hospitals  and  other  health  fa- 
cilities have  been  developed  by  the  American  So- 
ciety of  Heating,  Refrigerating,  and  Air  Condi- 
tioning F.ngineers  (ASHRAF.)  (Table  8).'"  Guide- 
lines for  isolation  rooms  and  infectious-disease  la- 
boratories call  for  a  minimum  of  (i-lO  air  changes 
per  hour  and  neutral  or  negative  air  pressure  rel- 
ative to  adjacent  areas.  A  single  air  change  re- 
moves b?i7(  of  randomly  distributed  infectious  par- 
ticles u  iihin  a  room.""'  Six  air  changes  will  remove 
99.27f.  and  10  changes  will  remove  99.9959f  of  in- 
fectious particles.^"  Increasing  the  number  of  air 
changes  per  hour  decreases  the  amount  of  time  a 
susceptible  person  within  a  room  will  be  exposed 
to  potentially  infectious  particles.  Twenty  air 
changes  per  hour  will  result  in  W.29f  clearance  of 
infectious  particles  every  IS  miiuites.  More  fre- 
quent air  changes  will  result  in  e\en  faster  and 
more  efficient  removal  of  infectious  particles. 

T.ihk'  <S.    Ciuidelines  fur  Vcniikilicni  and  Pressua-  wilhin  Hos- 
pilal  Areas* 


Min.  Air 

C'liaimcs 

Area 

Pressure 

per  Hour 

Exhausl 

Recirculation 

Operating  room 

+ 

1.S-2S 

Opiional 

No 

Recoverv  room 

+ 

6 

Oplional 

No 

I'alicnl  ronm 

+/- 

") 

Opiional 

OptKinal 

IsolalKin  room 

0 

fi 

"ies 

No 

Trcalmcnl  room 

+/- 

6 

Optional 

Optional 

Infectious- 

disea.se  lat) 

Dermission, 

6             Yes 

from  Rclerenee  .^9. 

No 

*Adapied,  with 

Positi\c  air  presstiiv  will  iicrmii  escape  of  in- 
fectious particles  to  adjacent  patient  care  and  v\ait- 
ing  areas  in  most  clinical  settings,  and  should  be 
avoided.  While  ASHRAE  guidelines  for  inhalation- 
therapy  settings  and  ircaliiicnl  rooms  suggest  pos- 
itive and  neutral  pressure,  respectnely.  the  more 
stringent  requirements  for  infectious-disease  la- 
boratories arc  more  appio|iriale  lor  aerosol  therapy 
treatment  rooms.'"  After  iviiioval  Irom  the  treat- 
ment area,  vented  air  should  not  be  recirculated, 
htit  slionki  he  released  outdoors.  Exhaust  ducts 
shoukl  be  located  aua\   from  areas  tised  b\  |ieople 


and  at  least  30  feet  from  air-intake  ducts.  Many  fa- 
cilities recirculate  air  in  patient-care  areas  to  reduce 
air-conditioning  and  heating  costs.  Therefore,  spe- 
cial \entilation  procedures  for  treatment  rooms  and 
isolation  rooms  are  required.  In  addition  to  ad- 
equate \entilation,  air  filtering  is  necessary  to  re- 
duce risk  of  transmission  of  infectious  particles. 
Ventilation  standards  for  hospitals  recommend  air- 
filtration  systems  that  are  909c  efficient  in  re- 
moving particulates. ""'  For  isolation  rooms  and  in- 
fectious-disease laboratories,  however,  the  use  of 
high  efficiency  particle  air  (HEPA)  filters  is  rec- 
ommended. HEPA  filters  remove  99.9T/i  of  dioc- 
tylphthalate  (DOP),  a  very  small  (0.3  ^im)  particle 
used  to  test  filters.  HEPA  filters  can  be  installed  in 
exhaust  air  ducts,  at  exhaust  outlets,  or  within  treat- 
ment rooms.  Use  of  HEPA  filters  is  especially  rec- 
ommended when  air  recirculation  is  mandated  by 
engineering  or  other  constraints.  HEPA  filters 
should  be  properly  installed  to  avoid  system  leaks, 
should  be  equipped  w  ith  manometers  to  allow  con- 
stant monitoring,  and  shotild  be  properh  iiiain- 
tained.-'-'^' 

Several  companies  now  market  HEPA  filtration 
systems  designed  for  aerosol  therapy  or  sputum  in- 
duction. Figure  I  shows  a  benchtop  HEPA  filter 
hood  that  permits  recirculation  of  filtered  air  within 
a  room.  The  unit  has  a  Plexiglas  enclosure  that  pa- 
tients face  while  receiving  therapy  that  ensures  en- 
trainment  of  exhaust  and  exhaled  air.  .A  mininuim 
air  velocity  of  30  mVmin  is  maintained  constantly. 
This  type  of  unit  can  be  incoiporalei.1  into  exhaust 
dtictwork  to  \ent  otitdoors  instead  of  recirculating 
air  within  the  room.  A  similar  approach  to  a  filtered 
hood  is  the  use  of  a  sealed  booth  for  aerosol  ther- 
apy. Commerciallv  available  booths  are  under  neg- 
ative pressure,  have  high-viilume  air  exchange,  and 
filter  exhaust  through  HEPA  lilters  prior  to  re- 
circulating air  within  the  room  or  venting  it  out- 
doors. 

Disinfection  of  room  air  with  tillrav  iolet  (UV) 
light  enjoys  a  special  place  in  the  hisiorv  of  public 
health  as  a  method  for  reducing  airborne  in- 
fections.'*" Studies  bv  Wells  and  colleagues  m 
Pennsylvania  schoolchildren  in  the  iy3()s  dem- 
onstrated a  marked  reduction  in  measles  in  children 
whose  classrooms  were  irradiated  bv  I'V  light." 
Rilev    and    associates    in    the     1950s    and     I9(i()s 


( 
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Fig.  1.  Benchtop  ventilation  system  for  pentamidine  aero- 
sol therapy  and  sputum  induction  used  at  the  Johns  Hop- 
kins Hospital  HIV  Clinic.  Patients  sit  facing  the  hood.  Air 
is  drawn  in  at  30  cubic  meters  per  minute  and  passes 
through  a  high  efficiency  particle  air  (HEPA)  filter.  Ex- 
haust air  enters  an  overhead  duel  and  is  vented  out- 
doors. The  equipment  is  from  Laminar  Flow  Inc,  Ivyland, 
Pennsylvania. 

showed  that  guinea  pigs  breathing  exhaust  air  from 
a  tuberculosis  ward  could  be  completely  protected 
from  A7  luhcrciilosis  infection  when  UV  light  was 
used.-'  UV-lighting  systems  have  been  used  for 
years  in  tuberculosis  wards,  sputum-induction 
rooms,  pulmonary  function  laboratories,  and  clin- 
ical laboratories.  In  addition.  UV  lights  are  some- 
times used  in  ventilation  ducts  coming  from  these 
areas  or  from  patient-care  areas  prior  to  re- 
circulation. A  number  of  considerations  must  be 


made  lor  ihc  use  ot  I'V  ligiil.  iiowcscr.  Because 
UV  ligiil  can  cause  skin  and  c\c  irritation  and  dis- 
ease, human  exposure  must  be  asoided.  Con- 
sequently, UV  lights  must  be  installed  abo\e  eye 
level  and  baffled  to  prevent  radiation  ol  the  lower 
zone  of  a  room,  aiul  retleclioii  oil  upper  walls  aiui 
ceilings  must  also  be  presented.'"  U.se  of  UV  light- 
ing in  riH)ms  with  ceiling  heights  lower  than  ^  me- 
ters is,  therefore,  impractical.  For  sterilization  to 
occur,  air  contaminated  with  infectious  particles 
must  be  mixed  and  reach  the  upper  zone  of  the 
room.  The  degree  of  sterilization  also  depends  on 
the  length  of  time  that  organisms  are  exposed  to 
UV  light.  The  effectiveness  of  UV-light  steriliza- 
tion is  reduced  by  humidity  above  60-70%.''*  While 
guidelines  for  health  facilities  generally  require  low 
air  humidity,  the  generation  of  aerosols  may  raise 
the  humidity  in  a  treatment  room  to  a  level  that 
would  impede  UV  sterilization.  Under  optimal  ven- 
tilation and  filtering  conditions  there  is  little  need 
for  the  addition  of  UV  lighting.  In  fact,  the  high  air- 
flows that  are  likely  to  be  most  effecti\e  in  re- 
moving infectious  particles  from  a  room  may  make 
UV  light  unnecessary  and  ineffective.  Treatment  ar- 
eas with  low  air  exchange  rates  and  inadequate  fil- 
tering may  be  equipped  with  UV  lights  as  an  al- 
ternative. However.  UV  light  should  not  substitute 
for  other  recommended  measures  to  present  nos- 
ocomial transmission  of  infections.  A.SHRAE  dis- 
courages the  use  of  UV  light  as  impractical  and  un- 
proved. Further  research  on  the  role  of  UV  light  in 
reducing  M  iiiherciilosis  transmission  is  needed. 

A  final  approach  to  protecting  health-care  wt)rk- 
ers  and  others  from  acquiring  infections  frt)m  pa- 
tients undergoing  aerosol  therapy  is  the  use  of  per- 
sonal protective  devices.  Properly  fitting,  high 
efficiency  particulate  respirators  may  complement 
other  protective  measures  for  individuals  with  in- 
tense exposure  to  patients  with  respiratory  in- 
fections. Standard  surgical  face  masks  do  not  pro- 
tect against  respiratory  infection  because  they  often 
fit  poorly  and  permit  inhalation  of  particles  through 
openings  around  the  face.^-  Snugly  fitting  masks 
with  high  efficiency  ratings  may  be  protective  and 
are  commercially  available.  To  be  effective,  such 
masks  must  be  worn  constantly  while  personnel  are 
in  the  treatment  area.  Visitors  and  others  entering 
the  treatment  area  should  also  wear  such  masks. 
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The  Occupational  Safety  and  Health  Administra- 
tion rates  particulate  respirators  and  has  approved 
several  for  preventing  exposure  to  aerosolized 
chemicals  and  dusts.  In  general,  these  devices  re- 
move particles  larger  than  0.3  ^tm,  and  are  ap- 
propriate for  use  in  aerosol  therapy  treatment  areas. 
The  use  of  personal  protecti\e  de\ices  should  not 
be  substituted  for  appropriate  clinical,  environ- 
mental, and  engineering  controls. 

Summary 

In  summary,  despite  the  major  benefits  conferred 
by  aerosol  therapy,  the  risk  of  transmission  of  M  tu- 
berculosis remains  a  concern.  The  most  effective 
approach  to  preventing  nosocomial  transmission  of 
respiratory  infections  such  as  tuberculosis  is  to  pre- 
vent disea.se  in  patients  at  risk,  particularly  those 
receiving  aerosol  therapy.  Tuberculin  skin  tests 
should  be  applied  to  all  HIV-infected  persons  and 
chemoprophylaxis  administered  to  those  with  >  5- 
mm  reaction.  Early  detection  and  treatment  of  tu- 
berculosis are  essential  to  prevent  transmission 
both  inside  and  outside  of  health-care  settings. 
Cough-reduction  measures  should  be  taken  when 
giving  pentamidine  aerosol,  and  patients  who  do 
cough  should  cover  their  mouths.  Proper  ventila- 
tion of  treatment  areas  with  negati\e  air  pressure 
and  at  least  10  air  changes  per  hour,  and  more  if 
feasible,  is  es.sential.  HEPA  filters  should  be  in- 
stalled to  cleanse  exhaust  air  from  treatment  rooms, 
and  air  should  not  be  recirculated.  The  use  of  UV 
light  to  disinfect  air  is  recommended  only  for  spe- 
cial situations.  Finally,  personal  protective  devices 
should  be  worn  by  health-care  workers  who  are  ex- 
posed to  patients  receiving  aerosol  therapy  when 
other  measures  do  not  offer  adequate  protection. 
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Toxicology  of  Antimicrobial  Aerosols: 
A  Review  of  Aerosolized  Ribavirin  and  Pentamidine 

Hetty  Waskin  MD  MSPH 


Introduction 

Inhaled  pharmaceutical  aerosols  have  been 
developed  to  optimize  the  delivery  of  a  drug  to 
the  site  of  activity  while  minimizing  or  delaying 
systemic  consequences  of  therapy.  Aerosol  delivery 
of  drugs  allows  for  higher  drug  dosage,  prolonged 
duration  of  therapy,  or  the  administration  of  drugs 
considered  too  toxic  to  be  given  systemically.  The 
potential  for  toxicity  of  these  agents  may  thus  be 
considerable.  Knowledge  regarding  the  potential 
long-term  toxicity  of  inhaled  pharmaceutical 
aerosols  remains  incomplete,  with  inuch  yet  to  be 
learned. 

To  understand  the  potential  toxicity  of  inhaled 
aerosols,  several  general  principles  are  useful.  Fir.st, 
consider  the  toxicity  of  the  drug  when  given  by 
any  route.  Second,  understand  the  long-term  effects 
of  the  drug  if  given  chronically.  Third,  delineate 
the  eventual  fate  of  the  aerosol  with  regard  to 
metabolism,  systemic  absorption,  and  rapidity  of 
elimination  from  the  body. 

A  drug  that  has  minimal  toxicity  when  given 
systemically  generally  has  little  toxicity  when  given 
as  an  aerosol,  even  if  given  in  high  doses  or  at 
frec|iient  intervals  (for  example,  beta-lactam 
antibiotics  given  by  aerosol  as  adjunctive  therapy 
for  cystic  fibrosis). 
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Drugs  with  significant  toxicity  when  given 
systemically  may  have  little  toxicity  when  given 
as  aerosols  if  the  drug  is  poorly  absorbed  from  the 
respiratory  tract  and  rapidly  eliminated  from  the 
body.  One  example  of  this  would  be  topical 
corticosteroids  (such  as  triamcinolone  acetonide) 
given  via  inhaler. 

Finally,  aerosolized  drugs  of  concern  from  a 
toxicologic  point  of  view  are  those  remaining  in 
the  body  for  a  prolonged  period  of  time  and 
associated  with  cumulative  organ  damage.  Two 
antimicrobials  recently  developed  for  aerosol 
therapy,  ribavirin  and  pentamidine,  fit  this  category. 

A  variety  of  antimicrobial  agents  have  been 
investigated  as  aerosols  for  the  treatment  of 
pulmonary  infections.  Aerosol  delivery  of  an 
antimicrobial  allows  targeted  therapy  to  be 
optimized  at  the  site  of  infection,  with  much  higher 
drug  levels  achie\ed  in  bronchoalveolar  secretions 
and  within  pulmonary  macrophages,  the  primary 
host  defen.se  against  lung  pathogens.  Antimicrobials 
that  have  been  given  as  aerosols  include  beta- 
lactams.  aminoglycosides,  amphotericin,  pentami- 
dine, and  ribavirin.  Recently,  investigators  have 
begun  to  study  the  potential  for  immunomodulators 
such  as  gamma  interferon  and  vaccines  to  be 
administered  as  aerosols.  This  re\icw  will  focus 
on  the  two  atilimicrobial  aerosols  currently  in 
widespread  use;  ribavirin  for  the  treatment  of  acute 
respiratory  .syncytial  virus  (RSV)  infection  and 
pentamidine  for  the  prevention  and  treatment  of 
Pneumocystis  carinii  pneutnonia  (PCP)  in  the 
iiiinuinocompidinised  host. 

Ribavirin 

Spectrum  of  L'sage 

Ribavirin  is  a  synthetic  nucleoside  analogue 
related  to  guanosine  and  is  licensed  in  the  United 
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States  lor  the  short-term  treatment  ol  RSV 
infection.'  In  vitro,  ribavirin  has  demonstrated 
diverse  anti\iral  aetivit\.  with  inhibition  of  RNA 
viruses,  ineiuding  RSV,  inlluen/a  A  and  B,  hepatitis 
A  and  B,  measles,  mumps,  Lassa  fever.  Rift  valley 
fever,  Hantaan  virus,  and  the  human  immunode- 
ficiency virus  (HIV).-^  In  vitro,  ribavirin  also 
inhibits  LONA  \iruses.  including  herpes  simplex 
Types  1  and  2.  cytomegalovirus,  adenovirus,  and 
vaccinia.--*  In  vivo,  riba\irin  has  demonstrated 
clinical  utility  in  the  treatment  of  acute  RSV 
infections  in  infants,  children.^  and  immuno- 
compromised hosts,^  Lassa  fever  virus.  Rift  Valley 
fever  virus,  and  Hantaan  virus. ^-"  Clinical  trials 
have  also  been  conducted  to  evaluate  the  efficacy 
of  ribavirin  against  influenza  A  and  B,  genital  herpes 
simplex  infections,  hepatitis  C,  and  HIV  infec- 
tion;-''-  '■*  however,  clinical  efficacy  has  not  been 
verified.  At  high  concentrations  in  vitro  (5-12.5  /.ig/ 
niL).  riba\irin  may  inhibit  some  gram-negative 
bacteria,  including  Pseudoinoiuis  and  Brucella 
species.  In  vitro,  antifungal  inhibition  has  been  .seen 
at  concentrations  >  500^g/mL.'^  '** 

Mechanism  of  Action 


The  mechanism  of  action  of  ribavirin  is  incoiTi- 
pletely  understood  and  appears  to  be  multifaceted, 
in  part  explaining  the  drug's  diverse  antiviral  activity. 
Ribavirin  is  actively  transported  intracellularly  via  a 
nucleoside  transport  mechanism.  Intracellular 
concentrations  thus  may  be  manyfold  greater  than 
plasma  concentrations,  and  the  drug  persists  for  many 
weeks  in  certain  cells,  such  as  red  blood  cells.  Once 
intracellular,  the  drug  undergoes  phosphorylation:  the 
active  antiviral  compounds  are  the  mono-  and 
triphosphates.'*^  Ribavirin  5 '-triphosphate  inhibits  viral 
RNA  polymerase,  inhibits  the  phosphorylation  of 
thymidine,  and  inhibits  viral  coating.  Both  host-  and 
viral-RNA  synthesis  may  be  inhibited  (the  latter  to 
a  greater  degree),  and  the  degree  of  inhibitory  activity 
varies  among  different  host  cells.  The  inhibitory 
concentration  (IC50)  of  the  drug  varies  from  3-30 
jjgJmL  for  RSV,  from  3-8  yt/g/mL  for  influenza  A, 
and  from  l()-l()() /yg/mL  for  HIV.'^-^'i 

Method  of  Delivery 

Systemic  absorption  of  ribavirin  occurs  if  the  drug 
is  given  by  nasal  or  oral  inhalation,  enterally,  or 


intra\enously.  No  data  are  available  regarding 
cutaneous  or  mucocutaneous  absorption.  The 
amount  of  drug  deli\ered  when  the  drug  is  given 
as  an  aerosol  depends  upon  the  concentration  of 
the  drug  solution  and  the  duration  of  therapy.  As 
an  aerosol,  ribavirin  is  licensed  to  be  given  only 
when  nebuli/ed  in  a  Small  Particle  Aerosol 
Generator  (SPAG).-'  This  nebulizer  system 
produces  respirable  particles  with  a  mass  median 
aerodynamic  diameter  (MMAD)  of  1.3  jum.  with 
957c  of  the  particles  having  a  mass  diameter  <  5 
f.tm.--  Because  infants  and  children  may  be  unable 
to  utilize  hand-held  nebulizers,  the  SPAG  is 
designed  to  nebulize  ribavirin  into  an  oxygen  hood, 
oxygen  tent,  or  face  mask.  Given  this  type  of  open 
nebuli/atit)n  system,  it  is  apparent  that  aerosoli/a- 
tion  of  the  drug  may  result  in  the  release  of  ribavirin 
into  the  patient's  room;  the  implications  of  this  will 
be  discussed  further  in  this  article.  Administration 
of  ribavirin  in  the  intubated  patient  must  be 
undertaken  cautiously.  Although  nebulized  ribavirin 
has  been  administered  via  an  endotracheal  tube, 
precipitation  of  the  solution  may  occur  and  interfere 
with  mechanical  ventilation  of  the  patient.-' 

Concentration  of  Drug 

With  nebulization  of  ribavirin,  peak  plasma  levels 
occur  at  the  end  of  inhalation.  Over  time, 
intracellular  accumulation  of  the  drug  occurs,  with 
a  very  long  terminal  half-life  detected  within 
cells.-'*-^  When  ribavirin  was  given  by  aerosol  over 
8  hours  for  3  days,  the  peak  plasma  level  was  1.1 
/ig/mL  (range  0.45-2.18  /jg/mL):  when  it  was  given 
over  20  hours  for  5  days,  the  peak  plasma  level 
was  1.7  /.ig/mL  (range  0.38-3.58  /ig/mL).  Respira- 
tory secretion  levels  were  100-fold  greater  than 
plasma  levels:  When  ribavirin  was  given  over  3 
days,  respiratory  levels  ranged  from  250-1.925  /jg/ 
mL:  and  when  it  was  given  over  5  days,  respiratory 
levels  ranged  from  313-28,250  ^vg/niL.  "<-^''  Oral 
plasma  levels  are  slightly  less  than  those  achieved 
via  the  aero.sol  route. -^  After  1  gram  of  ribavirin 
was  administered  orally,  plasma  levels  were  0.43- 
1.33  //g/mL.  When  ribavirin  is  inhaled,  it  is  likely 
that  some  drug  is  swallowed  with  oropharyngeal 
secretions  while  additional  drug  is  deposited  in  the 
respiratory  tract. 
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Distribution  of  Drug 

Following  inhalation.  riba\  iiin  is  deposited  in  the 
respiratory  tract,  and  it  suhsequently  redistributes 
into  the  circulation,  with  e\entuai  accumulation  in 
led  blood  cells.-''  There  is  progressi\e  accumulation 
in  red  blood  cells  \  ia  an  acti\  e  transport  mechanism. 
Intracellular  red  blood  cell  levels  of  ribavirin  are 
lOO-fold  greater  than  plasma  levels  of  the  drug. 
Following  a  single  dose  of  ribavirin  aerosol,  peak 
red  blood  cell  le\els  are  not  seen  until  4  da\'s  after 
inhalation,  with  a  terminal  half-life  of  40  days.  This 
prolonged  tissue  half-life  must  be  considered  when 
patients  are  evaluated  for  possible  hematologic 
toxicity. 

Elimination  of  Drug 

Approximately  30-55*7?  of  a  dose  of  ribavirin  is 
excreted  in  the  urine  within  72  hours;  an  additional 
15%  of  the  dose  is  excreted  in  the  feces. -'■^"  Residual 
ribavirin  remains  .sequestered  in  red  blood  cells  for 
several  weeks.  Ribavirin  does  not  appear  to  be 
exhaled  from  the  respiratory  tract  to  a  significant 
degree.  The  drug  has  been  shown  to  be  excreted 
in  the  breast  milk  of  various  animals.''  It  is  not 
removed  by  hemodialysis." 

Intracellular  Host  Effects 

Although  virucidal,  ribavirin  and  its  triphosphate 
derivative  also  inhibit  cellular  DN.A  ssnthesis.'^-^- 
This  cytotoxic  effect  occurs  at  drug  le\els  100-  to 
200-fold  greater  than  \  irustatic  lesels.  Riba\  irin  has 
been  found  to  inhibit  cellular  division.  DNA  and 
RNA  synthesis,  and  protein  synthesis  of  mammalian 
cells.  Perhaps  because  of  this  inhibition,  ribavirin 
and  its  derivatives  have  demonstrated  some  anti- 
Imnor  activity,  but  to  date  the  drug  has  linnted 
clinical  utility  in  the  treatment  of  malignancy."'-* 

At  low  concentrations,  ribavirin  may  stimulate 
viral-specific  antibody  by  stimulating  T-l>  niphocyte 
function.  At  higher  concentrations,  however,  a 
decrease  in  cellular  immune  response  has  been 
noted. ''^'^  Administration  of  ribavirin  in  high 
concentrations  to  animals  tor  a  prolonged  perioii 
may  result  in  atrophy  of  the  thymus,  spleen,  and 
lymph  nodes. '^  Ribavirin  ma\  also  inhibit  release 
of  RSV-specific  IgF  and  histamine.'''  Because  of 


the  potential  T-ccll  immunosuppressive  effects  of 
ribavirin,  some  investigators  have  proposed  the 
combined  use  of  ribavirin  and  cyclosporine  in 
transplantation  to  prevent  rejection  of  donor  organs. 

Adverse  Effects  in  Patients 

The  principal  adverse  effects  of  aerosolized 
ribavirin  when  given  in  the  treatment  of  acute  R.SV 
infections  are  respiratory,  cardiovascular,  hema- 
tologic, and  mucocutaneous  reactions. 

The  aei-fisoli/ation  of  ribavirin  has  resulted  in  the 
acute  worsening  ot  asthma  or  chronic  obstRictive  lung 
di.sease.  "* -*"  Deterioration  of  pulmonary  functit)n.  chest 
pain,  and  dyspnea  have  been  reported  in  adults  treated 
with  ribavirin. '■*-'*'^--*'  Pneumothorax  and  bacterial 
pneumonia  have  also  been  reponed  follow  ing  ribavirin 
use.  The  chronic  respiratory  effects  of  aerosol  ribavirin 
when  it  was  given  to  ferrets  at  a  dose  of  60  mg/ 
kg  of  body  weight  for  10-30  days,  included 
inflammatory  and  emphysematous  changes  in  the 
lungs.-*- 

Cardiovascular  instability  has  also  been  reported 
in  persons  treated  w  ith  ribavirin.-"  -"  Cardiac  .sequelae 
included  hypotension,  asystole,  and  cardiac  glycoside 
intoxication.  When  given  chronically  to  rodents  or 
monkeys,  ribav  irin  induced  cardiac  lesions.-*^ 

Given  the  accumulation  of  ribav  irin  in  red  blood 
cells,  it  is  not  surprising  that  hemolytic  anemia, 
reticulocytosis,  and  suppression  of  er\  thropoiesis  are 
common  side  effects  of  ribavirin  when  the  drug  is 
administered  orally  or  piirenterally. ''*-"'  Hematologic 
adverse  effects  have  not  been  reported  with  short- 
terni  aerosol  use;  but,  continued  surveillance  of 
hematologic  function  following  a  course  of  aerosol 
therapy  has  been  infrequent.  Further  data  are  needed 
regarding  long-temi  effects  of  ribavirin  on  hematologic 
parameters.  When  ribavirin  is  given  orallv  or 
parcnterallv.  the  likelihood  of  anemia  appears  to  be 
dose-  and  duration-dependent,  and  it  is  generally 
reversible  over  time.-**-'*' 

Other  adverse  effects  reported  in  a  minority  of 
patients  include  rash,  eyelid  erythema,  conjunctivitis, 
and  changes  in  liver  en/ynies.^-'**-'*-'-'*^ 

Carcinogenicity  and  Mutagenicity 

Because  of  the  potential  for  long-tenn  intracellular 
accumulation  ol  ribavn-in,  a  thorough  understanding 
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of  the  tlnig's  potential  as  a  mutagenic  or  teratogenic 
compound  is  important  in  the  assessment  of  potential 
risk.  Riba\  irin  has  been  carcinogenic  and  tumoriizenic 


u  hen  studied  in  \  itrn  and  in  animals 


'  The  druiz 


induces  cell  transformation  of  the  Balb/C  3T3 
mammalian  cell  line.  Chronic  feeding  of  ribavirin  to 
rats  at  a  dose  of  16-60  mg/kg  of  body  weight  caused 
benign  tumors  of  the  breast,  pancreas,  central  nervous 
system,  and  adrenal  gland.  Ribavirin  was  mutagenic 
to  the  L5I78Y  mammalian  cell  culture:  however, 
Ames  testing  and  lethal  mouse  assay  were 
negative.'-''-*'* 

Fertility  and  Pregnancy 

Ribavirin  has  caused  testicular  lesions  in  rats  when 
given  in  doses  as  low  as  16  mg/kg  of  body  weight.^'' 
However,  fertility  function  has  been  inadequately 
studied;  as  yet,  there  is  no  information  regarding  the 
potential  testicular  effects  of  lower  doses  and  no 
information  regarding  riba\irin"s  effects  on  ovulatory 
tunction  or  female  fertility. 

Tlie  potential  effect  of  ribavirin  on  pregnancy  is 
of  major  concern.  This  is  because  the  drug  has  been 
shown  to  be  teratogenic  and/or  embryocidal  in  most 
animal  species  that  have  been  studied.  Teratogenicity 
was  seen  when  hamsters  were  given  a  single  dose 
of  2.5  mg/kg  of  body  weight,  when  rats  were  given 
daily  doses  of  10-90  mg/kg  of  body  weight,  and  when 
rabbits  were  given  daily  do.ses  of  1  mg/kg  of  body 
weight.''"  Malformations  of  the  fetus  included 
abnomialities  of  the  skull,  central  nervous  system,  skin, 
palate,  jaw.  skeleton,  and  gastrointestinal  tract; 
increased  fetal  wastage  was  also  noted.^'  One  study 
in  baboons  did  not  demonstrate  teratogenicity  when 
ribavirin  was  given  in  doses  up  to  100  mg/kg  of  body 
weight.'^  Ribavirin  has  not  been  linked  to  fetal 
abnomialities  in  humans;  however,  given  the  wide 
spectrum  of  teratogenic  potential  in  most  animal 
species,  avoidance  of  ribavirin  prior  to  pregnancy, 
during  pregnancy,  and  during  lactation  is  warranted. 

Adverse  Effects  in  Health-Care  Workers 

The  potential  for  chronic  toxicity  from  ribavirin 
in  exposed  health-care  workers  is  unknown.  Research 
on  this  subject  is  evolving,  and  an  assessment  of  the 
degree  of  health-care  workers'  exposure  to  ribavirin 
remains  incomplete."'---^-' 


Few  acute  side  effects  have  been  re|iorted  by  health- 
care workers.  Ribavirin  has  been  reported  to  precipitate 
on  contact  lenses,  and  health-care  workers  exposed 
to  the  drug  shoLild  be  so  ad  vised. ^-^  .Such  ocular 
precipitation  has  resulted  in  conjunctival  irritation; 
however,  long-temi  ocular  effects  have  not  yet  been 
noted. 

Because  the  long-term  consequences  of  exposure 
to  aerosolized  ribavirin  are  unknown,  investigators  are 
beginning  to  measure  the  degree  of  drug  contact 
experienced  by  health-care  workers.-''  Air  has  been 
sampled  at  various  sites  in  patients"  rooms. ^^  The 
environmental  concentrations  of  the  drtig  have  been 
found  to  be  579  //g/m'  when  the  drug  was  given  via 
tracheostomy,  161  /jg/nV  when  given  via  oxygen  tent, 
143  /tyg/m'  when  given  via  hood,  and  6  //g/m-  when 
given  via  ventilator.''''  "^^  Long-term  .studies  of  health- 
care workers  exposed  to  the  drtig  have  not  yet  been 
completed.  Because  ribavirin  accumulates  in  red  blood 
cells  and  is  excreted  in  the  urine,  it  is  reasonable 
to  monitor  red  blood  cell  and  urinary  ribavirin  levels 
in  health-care  workers  to  assess  exposure.  Two  studies 
have  conducted  short-temi  sampling,  and  ribavirin  in 
a  low  concentration  (0.44  /ig/mL)  has  been  detected 
in  the  blood  of  one  health-care  worker  directly 
involved  in  the  care  of  a  patient  who  received  ribavirin 
via  an  oxygen  tent.'''  '^'' 

In  attempts  to  minimize  the  release  of  ribavirin 
aerosol  into  the  air  space  adjacent  to  patients,  .several 
scavenger  systems  have  been  proposed  and  imple- 
inented  by  investigators.'"'*'''^  Such  systems  generally 
involve  a  containment  area  around  the  patient  who 
is  receiving  aerosolized  ribavirin  and/or  an  exhaust 
system  to  capture  drug  released  into  the  environment.'''* 
One  such  system  resulted  in  no  detected  levels  of 
ribavirin  released  into  areas  adjacent  to  the  treatment 
site.-''''  Another  approach  to  minimizing  the  passive 
exposure  of  health-care  workers  to  the  drug  involves 
the  use  of  personal  protective  equipment  such  as 
gowns,  gloves,  masks,  and/or  personal  respirators. 
Surgical  masks  are  not  sufficient  protection;  to  be 
effective,  masks  must  filter  out  ribavirin  particles  as 
small  as  1  /jm.  Cunent  health-care  worker  guidelines 
published  by  the  Centers  for  Disease  Control  include 
advising  health-care  workers  and  visitors  who  are  or 
may  become  pregnant  of  the  potential  risks  of  exposure 
to  ribavirin,  and  developing  procedures  to  minimize 
employee  exposure  to  the  drug."*' 
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Pentamidine 


Mechanism  of  Action 


Spectrum  of  Activity 

Aerosolized  pentamidine  has  been  administered 
for  the  prevention  and  treatment  of  Fneiiinocystis 
carina  pneumonia  (PCP)  only  sinee  1986: 
however,  pentamidine  has  been  given  systemically 
for  more  than  50  years  to  treat  various  protozoal 
infections. ^"-6'  Because  of  the  extensive  experience 
with  systemic  pentamidine,  much  of  the  under- 
standing of  aerosolized  pentamidine  can  be 
extrapolated  from  data  regarding  the  drug's 
systemic  use. 

Pentamidine  is  an  aromatic  diamidine  that  was 
first  synthesized  in  1937  as  a  potential  therapy 
for  diabetes  mellitus.*'0  However,  it  was  not  used 
in  the  treatment  of  diabetes  because  its  hypogly- 
cemic activity  was  unpredictable.  .Subsequently, 
in  the  1 940s,  investigators  documented  the  efficacy 
of  intramuscular  pentamidine  to  treat  and  prevent 
African  sleeping  sickness  (African  trypanosomi- 
asis), and  the  drug  was  used  in  several  thousand 
patients  for  this  purpose. *"'  investigators  found  that 
a  single  dose  of  300  mg  of  pentamidine  given 
intramuscularly  would  protect  gold  miners  against 
trypanosomiasis  for  more  than  6  months.  This 
prophylactic  effect  was  due  to  the  drug's  long 
tissue  half-life.  Now,  in  the  I'^jyOs.  aerosolized 
pentamidine  is  widely  used  as  a  prophylaxis  to 
protect  immunocompromised  individuals  against 
infection  with  PCP. 

Pentamidine  is  effective  against  a  variety  of 
protozoal  infections,  including  trypanosomiasis, 
leishmaniasis,  pneumocystosis,  and  babesiosis.^'- 
and  it  has  been  used  clinically  to  treat  these 
infections.  Pentamidine  is  active  in  vitro  against 
some  bacteria  and  fungi,  including  Escherichia 
coli.  Staphylococcus.  Candida,  and  Cryptococciis 
species.  Weak  antiviral  activity  has  also  been 
noted:  potential  activity  against  the  HIV  is 
unkiK)v\n. 

The  drug  has  been  useil.  with  limited  eftlcacy.  to 
treat  several  neoplastic  conditions,  including  multiple 
myeloma  and  islet  cell  carcinoma:  it  is  not  recom- 
mended as  a  chemotherapeulic  agent.  Pentamidine  and 
related  diamidines  have  demonstrated  anti- 
inflammatory effects;'''  fuilher  investigation  of  this 
property  ol  the  ding  is  in  progress. 


The  preci.se  mechanism  of  action  of  pentamidine 
as  an  antiprotozoal  drug  is  not  full\  understood. 
Pentamidine  interferes  with  RNA  and  DNA 
synthesis  by  binding  to  nucleic  acids.''-'  It  inhibits 
oxidative  phosphorylation  and  disrupts  mitochon- 
drial kinetoplasts.^-  Pentamidine  may  also  interfere 
with  folate  transfomiation."-  Perhaps  because  of  the 
multifaceted  action  demonstrated  in  \itro.  the  drug 
is  "cidal"  to  Pncumocxstic  carinii.  and  no  resistance 
of  Pneumocystis  to  pentamidine  has  been 
documented. 

In  1986,  aerosolized  pentamidine  was  reported 
lo  be  effective  in  preventing  PCP  in  immunosup- 
pressed  rodents.''"'  Aerosolized  pentamidine  quickly 
gained  widespread  popularity  in  the  prevention  of 
PCP  among  persons  infected  with  the  HIV.  PCP 
continues  to  be  the  most  common  opportunistic 
infection  in  such  persons.  As  many  as  50-60Vc  of 
HIV-infected  persons  will  develop  PCP  as  their 
AIDS-defining  illness,  and  ultimately  65-80%  of 
immunosuppressed  HIV-infected  persons  will 
develop  PCP.'^''-''^  Aerosolized  pentamidine  is 
approved  by  the  Food  and  Drug  Administration 
(FDA)  for  u.se  in  the  United  States  to  prevent 
recurrence  of  PCP  following  its  first  episode 
(secondary  prophylaxis)  or  to  prevent  occurrence 
of  PCP  in  HIV-infected  persons  with  a  CD-4 
lymphocyte  count  <  200  or  a  CD-4  lymphocyte 
percentage  <  207(  (primary  prophylaxis). 

Pharmacokinetic  Profile 

Pentamidine  is  absorbed  if  given  intravenously, 
intramuscularly,  or  as  an  aerosol,  but  not  if  gi\en 
orally.'''*^''  Once  given  parenterally,  it  is  detected 
only  transiently  in  plasma:  peak  levels  of  209  and 
612  ng/niL  are  seen  40  minutes  after  intramuscular 
injection  and  at  the  completion  of  intra\cnous 
infusion.  iespecti\el\.'"'^  Following  the  brief  plasma 
peak,  the  drug  distributes  to  the  liver,  kidneys, 
adrenals,  spleen,  lung,  and  pancreas.™  Pentamidine 
binds  extensively  to  tissues,  is  stored  in  the  body 
for  months,  and  is  slowly  excreted.  Approximately 
25%  of  the  drug  is  excreted  in  the  feces:  the  rest 
is  excreted  in  the  urine.'*^**  A  single  do.se  of 
pentamidine  gi\cn  intramuscularly  has  been  noted 
to  result  in  detectable  pentamidine  excretion  in  the 
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urine  tor  270  da_\s.'''  Because  o\  lissiie  biiidiii!:  and 
slow  excretion,  plasma  le\els  ol  the  drug  are  not 
atTected  by  peritoneal  dial\sis.  hemodialssis.  or 
renal  insutYicienc\.  ' 

When  the  drug  is  given  as  an  aerosol.  ]ientaniuline 
levels  in  the  lung  are  5-  to  lO-lold  greater  than 
when  the  drug  is  gi\en  parenterally.''^''''  At  the  same 
time,  plasma  levels  are  less  than  5%  of  those  seen 
with  parenteral  administration.''***'''  Tims,  the 
potential  tor  systemic  accumulation  of  the  drug  is 
greatly  reduced  when  pentamidine  is  given  as  an 
aerosol.  When  aerosolized,  it  initially  binds  to  lung 
tissue,  then  is  slowly  absorbed  into  the  systemic 
circulation,  redistributes  to  various  bodv  tissues,  and 
is  eventually  excreted  in  the  urine  and  feces. 
Following  pri)longed  aerosol  administration, 
systemic  accumulation  of  pentamidine  can  and  does 
occur;  this  accumulation  may  eventually  result  in 
systemic  toxicity. 

In  the  past,  investigators  belie\ed  that  pentam- 
idine was  excreted  unchanged  in  the  urine.  However, 
recent  studies  have  documented  significant  metab- 
olism of  the  drug  to  hydroxyl  products.^-  Currently, 
researchers  are  studying  the  metabolic  fate  of 
pentamidine.  I'ntil  further  information  is  available 
regarding  the  metabolism  of  the  drug,  the  clinical 
interpretation  of  assaying  drug  levels  in  urine  and 
tissues  will  be  limited. 

Administration  of  .Aerosolized  Pentamidine 

Aerosolization  of  pentamidine  is  an  attractive 
alternate  mode  of  administration  because  the  site 
of  infection  of  PCP  is  the  alveolar  space,  and 
systemic  dissemination  of  Pneumocystis  is  rare. 
Various  nebulizer  systems  have  been  used  to 
administer  pentamidine.  Early  clinical  trials 
demonstrated  initial  effectiveness  of  aerosol  therapy 
hut  subsequent  relapse;  relapse  was  likely  due  to 
the  nebulization  of  particles  too  large  to  reach  the 
alveoli.  Particles  <  3  fjm  in  size  are  most  appropriate 
to  assure  parenchymal  deposition  and  to  reduce 
airway  complications,  such  as  cough. 

In  the  United  States,  aerosolized  pentamidine  is 
currently  FDA-approved  to  be  given  \i;i  the 
Respirgard  II  nebulizer  at  a  dose  of  300  mg  in  6 
niL  of  sterile  water  once  a  month."  In  Canada, 
the  FlSONeb  ultrasonic  nebulizer  system  is 
approved  for  a  60-mg  dose  of  pentamidine  twice 


a  month. ^"'  Nebuli/er  s\  stems  sluuikl  be  compared 
with  caution,  because  the  patient  characteristics  in 
various  clinical  trials  can  differ  with  respect  to  the 
degree  of  imnumosuppression  and  the  use  of  other 
drugs,  such  as  /idov  udine.  The  amount  of  deposition 
of  pentamidine  may  also  vary,  depending  upon  the 
patient's  breathing  pattern,  the  degree  of  cooper- 
ation, fatigue,  and  anatomic  considerations.'"^ 
Complete  nebuli/ation  of  the  drug  is  impt)rtanl  when 
pentamidine  is  given  v  ia  the  Respirgard  11  nebulizer 
becau.se  the  drug  becomes  concentrated  during  the 
second  half  of  the  treatment  period.  The  amount 
of  drug  delivered  is  much  less  than  the  amoLuit 
placed  in  the  nebulizer;  the  Respirgard  11  system 
delivers  10-15'/c  of  a  300-mg  dose  (unpublished 
data). 

Relapse  of  PCP 

Pentamidine  aerosol  prevents  PCP  in  immunocom- 
promised persons;  however,  with  prolonged  duration 
of  therapy,  PCP  relapse  may  occur.  Because  the 
efficacy  of  pentamidine  aerosol  depends  upon  the 
drug's  reaching  the  site  of  infection,  any  condition 
that  may  impair  unifonn  aerosol  delivery  may  increase 
the  likelihood  of  relapse.  Patients  with  pulmonaiy 
pathology  such  as  Kaposi's  sarcoma,  pneumothorax, 
concurrent  pneLnnonia.  or  significant  bronchospasm 
with  drug  nebulization  lue  at  increased  risk  for  PCP 
relapse.^'  -"''  The  cunent  estimate  of  the  rate  of  PCP 
relapse  is  10-159^  per  year  among  FllV-infected 
persons  receiving  aerosolized  pentamidine.  PCP 
relapse  may  appear  as  focal  upper-lobe  disease  or 
concunent  with  pneumothorax.^^-^''  Bronchoalveolar 
lavage  is  less  sensitive  in  detecting  PCP  in  patients 
on  pentamidine  aerosol  therapv ;  transhronchial  biopsy 
should  be  undeilaken  in  such  patients. 

Relapse  of  Pneumocystis  in  sites  other  than  the 
lungs  has  been  reported  by  numerous  investigators.^** 
Extrapulmonan-  pneumocystosis  may  occur  in  the 
choroid/reluia.  auditory  canal,  liver,  lymph  nodes,  or 
as  diffuse  disea.se.'"*  Extrapulmonary  relapse  is  not 
unexpected,  because  systemic  dnig  levels  are  much 
lower  than  pulmonary  levels. 

Adverse  Effects  in  Patients 

Adverse  effects  are  common  w  hen  pentamidine 
is  given  parenterally,  occurring  in  more  than  50% 
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of  patients.''^  Reported  toxicities  have  included 
azotemia  {2?>9c).  hypotension  (\47r),  dysglyccmia 
(14%),  leukopenia  (8%),  and  hepatic  dysfunction 
(5%).  Because  pentamidine  is  a  derivative  of  drugs 
with  known  hypoglycemic  activity,  it  is  not 
surprising  that  dysglycemia  is  a  common  side  effect 
of  parenteral  pentamidine  therapy.  Prolonged 
administration  of  pentamidine  results  in  a  cumul- 
ative cytotoxic  effect  on  pancreatic  beta  cells,  with 
inappropriate  insulin  release.  Sudden  hypo- 
glycemia may  occur,  and  may  be  followed  by 
permanent  insulin-dependent  diabetes  mellitus. 
Both  azotemia  and  dysglycemia  are  dose- 
dependent,  occurring  with  increased  frequency  in 
patients  who  receive  prolonged  or  recurrent 
parenteral  therapy.^" 

Pancreatitis  has  also  occurred  in  patients 
receiving  parenteral  pentamidine.*^"  although  the 
incidence  of  pancreatitis  is  much  lower  than  that 
of  dysglycemia.  Pancreatitis  ma\  occur  suddenK 
and  has  been  se\ere  or  fatal  in  some  cases. ^" 
Cofactors  such  as  cytomegalovirus  infection  or 
concurrent  administration  of  other  drugs  such  as 
dideoxyinosine  may  contribute  to  pancreatitis.  Less 
frequent  adverse  effects  with  parenteral  pentam- 
idine include  hyperkalemia,  sterile  ab.scess  with 
intramuscular  administration  of  the  drug,  phlebitis, 
nausea,  hypocalcemia,  and  seizures. ''-'"' 

Systemic  toxicity  is  much  less  common  when 
pentamidine  is  given  by  aerosol  rather  than 
parenterally.  However,  because  pentamidine 
deposited  in  the  lung  is  eventually  absorbed,  the 
drug  persists  in  the  body  for  months  prior  to  renal 
excretion.  Thus,  chronic  exposure  to  the  aerosolized 
drug  will  lead  to  drug  accumulation  and  may  result 
in  toxicity.  Side  effects  of  pentamidine  aerosol  have 
included  conjunctivitis,  rash,  neutropenia,  pancrea- 
titis, renal  insufficiency,  dysglycemia  (both 
hypoglycemia  and  diabetes),  and  local  effects  of 
the  drug  on  the  respiratory  tract.-'"**-'' 

When  pentamidine  is  nebulized,  the  dnig  first 
impacts  on  the  hypopharynx.  trachea,  and  bronchial 
tree  prior  to  reaching  its  target,  the  aheolar  space. 
Particles  >  4  /;m  in  diameter  are  nonrespirable  and 
deposit  on  the  back  of  the  throat.  These  particles, 
by  virtue  of  their  size,  are  likely  to  cause  cough  and 
irritation.  In  addition,  pentamidine  itself  is  a  bronchial 
irritant.  As  a  consequence,  cough  and  bronchial 
irritation  are  common  when  pentamidine  aerosol  is 


administered.  In  two  large-scale  trials  using  the 
Respirgard  II  nebulizer^''  or  the  FISONeb  nebulizer.''-' 
coughing  occuned  in  36  and  38%  of  the  participants, 
respectively,  and  bronchospasm  occurred  in  1 1  and 
13%.  Pretreatment  with  albuterol  was  subsequently 
given  to  I4%f ''  and  25%^-*  of  the  study  patients,  and 
this  resulted  in  successful  continuation  of  pentamidine 
therapN  in  all  but  1%  of  the  participants. 

Transient  changes  in  FEV,  have  been  reported  with 
pentamidine  aerosol.  Long-term  deterioration  of 
pulmonary  function  has  not  been  reported;  conversely, 
pulmonary  function  (particularly  Dlco)'  improves  in 
persons  receiving  secondary  prophylaxis,  mostly  due 
to  resolution  of  pre-existing  PCP.  Other  reported 
respiratory  effects  have  been  dry  mouth,  metallic  taste, 
rhinitis,  pharyngitis,  laryngitis,  dyspnea,  and  chest 
pain.''-  One  case  of  fatal  pulmonary  hemorrhage  has 
been  reported  following  bronchoscopy  of  a  patient 
on  chronic  pentamidine  aerosol  therapy.*^ 

Fertility  and  Pregnancy 

Limited  data  are  available  regarding  the  potential 
effects  of  pentamidine  on  the  fetus.  Pentamidine 
studied  in  vitro  is  transported  across  the  isolated 
placenta.'*''  When  pentamidine  was  given  to  rodents 
in  a  dose  of  1  to  8  mg/kg  of  body  weight,  a  mild 
increase  in  post-implantation  loss  occurred,  and  there 
was  delayed  ossification  of  the  fetus.****  No  other  fetal 
abnomialities  ha\e  been  reported.  Early  studies  of 
pentamidine  given  to  treat  African  sleeping  sickness 
reported  no  ill  effects  on  pregnant  women:  however, 
detailed  clinical  data  were  not  obtained.  No  data  are 
a\ailable  regarding  dose  effects  on  spermatogenesis 
or  o\  iirian  development. 

Carcinogenicity  and  Mutagenicity 

Most  in-\itro  assays,  including  the  Ames  test  and 
cytogenic  assays  using  human  lymphocyte  cultures, 
have  been  negative  for  mutagenic  potential.^-  Weak 
mutagenic  acti\  ity  in  mouse  l\  mphoma  cells  was  seen 
at  dmg  levels  of  62.5-500  ^t/g/niL.  Thus,  to  date,  the 
carcinogenic  potential  of  pentamidine  appears 
minimal. 

Health-Care  Worker  Exposure 

Occupational  concerns  regarding  the  u.se  of 
pentamidine  aerosol  include,  first,  the  consequences 
of  passive  exposure  to  the  dmg.  and.  secondly,  the 
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possible  transmission  of  respirator*'  pathogens  exhaled 
or  coughed  out  by  the  patient.^"  The  amount  ot 
pentamidine  released  into  the  en\ironment  depends 
upon  the  nebulizer  apparatus:  the  presence  of 
expiratorv'  tllters  to  capture  exhaled  diiig:  continuing 
nebuli/ation  of  drug  into  the  air  if  the  mouthpiece 
is  removed  for  coughing,  talking,  rest,  or  t)ther 
interruptions  of  treatment:  and  the  ventilation  of  the 
treatment  room. 

In  an  optimal  setting,  with  appropriate  room 
ventilation,  occupational  exposure  to  pentamidine 
should  be  minimal.  However,  optimal  room  ventilation 
may  not  exist.  One  study  measured  air  samples  in 
a  room  dedicated  to  aerosol  treatments  and  estimated 
the  daily  dose  to  a  health-care  worker  to  be  2.2  x  10  ' 
mg  of  drug.'"'''  And  one  preliminan.'  stud\  has  reported 
detecting  low  levels  of  pentamidine  in  the  urine  of 
5  of  14  health-care  workers  chronically  exposed  to 
the  dmg.*'  Transient  conjunctivitis  and  bronchospasm 
have  also  been  reported  by  health-care  workers  in 
contact  with  pentamidine  aerosol  (unpublished  data). 
Given  these  tmdings  and  the  potential  for  long-term 
persistence  of  inhaled  pentamidine  in  the  body, 
ventilation  guidelines  developed  by  the  Centers  for 
Disease  Control  should  be  followed."'  These 
guidelines  were  developed  to  minimize  the  transmis- 
sion of  tuberculosis  and  other  respiratory  pathogens 
exhaled  by  HIV-infected  patients,  and  they  may  also 
reduce  environmental  release  of  aerosolized  pentam- 
idine. The  guidelines  include  the  use  of  single-patient 
treatment  rooms  or  booths,  six  or  more  room-air 
exchanges  per  hour,  non-recirculation  of  treatment- 
room  air,  and  maintaining  negative  air  pressure  in 
the  treatment  area  with  respect  to  adjacent  care  areas. 

Summary 

Ribavirin  and  pentamidine  arc  both  effective  in 
the  treatment  or  prevention  o\'  pulmonary  infection. 
This  efficacy  is  achieved  by  targeting  drug  delivery 
to  the  site  of  infection.  Aerosolization  of  these  two 
antimicrobials  allows  much  higher  drug  levels  to 
be  achieved  in  bronchoalveolar  secretions  than 
would  result  if  the  drugs  were  given  systemically. 
Eventual  systemic  absorption  of  each  drug  does 
occur,  however,  and  because  of  intracellular 
transport  or  tissue  binding,  prolonged  drug 
concentrations  remain  in  the  host  prior  to  elimination 
of  ribavirin  or  pentamidine  from  the  body. 


Toxic  effects  may  result  from  the  administration 
of  either  ribavirin  or  pentamidine.  .Significant 
adverse  effects  reported  with  the  use  of  ribavirin 
inckale  anemia  if  the  drug  is  gi\eii  orally  or 
parenterally,  and  cardiac  instability  or  worsening 
respiratory  function  if  it  is  given  as  an  aerosol. 
Ribavirin  has  been  teratogenic  in  most  animal 
species  that  ha\e  been  studied.  Adverse  effects 
reported  with  pentamidine  aerosol  reflect  the 
toxicities  that  may  occur  when  it  is  given 
parenterally,  albeit  at  a  much  lower  incidence.  These 
adverse  effects  include  azotemia,  dysglycemia, 
pancreatitis,  and  leukopenia.  Pentamidine  aero.sol 
may  irritate  the  bronchial  tree  and  cause  cough  or 
bronchospasm:  pretreatment  with  bronchodilators 
can  control  bronchial  hyperreactivity. 

The  potential  for  health-care-worker  exposure  to 
either  aerosolized  ribavirin  or  pentamidine  occurs 
due  to  release  of  drug  into  the  environment.  Further 
research  is  needed  to  assess  the  potential  signif- 
icance of  chronic  exposure  to  these  drugs.  Steps 
to  minimize  health-care-worker  exposure  are 
appropriate,  and  include  the  design  of  treatment 
areas  to  minimize  passive  exposure,^'  and  the  use 
of  masks  and  protective  clothing  as  recommended 
by  the  Centers  for  Disease  Control."^' 
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Propellant  Gases  in  Metered  Dose  Inlialers: 
Their  Impact  on  the  Global  Environment 

John  R  Balnics  Ml) 


Introduction 

The  negative  impact  of  human  activities  on  the 
global  environment  has  been  the  subject  of  much 
scientific  debate  over  the  past  several  years,  and 
scenarios  of  the  socioeconomic  consequences  of 
global  warming  have  received  considerable  media 
attention.  Concern  over  the  depletion  of  strato- 
spheric ozone  has  risen  to  the  point  where  an  al- 
most unprecedented  international  consensus  on  an 
environmental  issue  has  been  achieved,  and  firm 
steps  have  been  initiated  to  reduce  o/.one  depletion 
by  a  rapid  phaseout  of  chlorotluorocarbon  (CFC) 
production.' 

The  original  commercial  dcNclopment  of  CFCs 
involved  their  use  as  cooling  tluids  in  home  re- 
frigerators. Chlorofluorocarbons  were  either  less 
toxic  or  less  flammable  than  earlier  refrigerants. 
While  their  u.se  as  refrigerants  remains  important. 
CFCs  have  also  found  wide  application  as  foam- 
blowing  agents  for  polystyrene  and  polyurethane. 
as  industrial  solvents  and  cleaning  agents,  and  as 
aerosol  propellants  (here  the  term  "aerosol"  is  used 
in  its  popular  sense  to  refer  to  self-contained, 
sprayable  products  in  which  the  propellant  force  is 
provided  by  liquefied  gas).  While  use  of  CFCs  as 
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aerosol  propellants  has  been  banned  in  North 
America  since  197S.  approximately  27%  of  world 
CFC  consumption  was  still  intended  for  this  use  in 
1986.'  One  application  of  CFCs  as  propellants  that 
was  not  subject  to  the  1978  ban  was  in  medical  aer- 
osols. The  use  of  CFCs  is  currently  \  ilal  to  the  abil- 
ity lo  deli\cr  medications  by  metered  dose  inhalers 
(MDIs). 

It  is  difficult  to  conceive  of  the  treatment  of 
asthma  and  chrttnic  obstructive  pulmonary  disease 
(COPD)  without  the  ability  to  deliver  beta-agonist 
bronchodilators.  steroids,  and  sodium  cromoglycate 
by  MDl.  The  mtroduction  of  MDIs  met  with  rapid 
acceptance  by  both  physicians  and  patients  because 
of  their  efficacy,  safety,  and  convenience.  A  widely 
accepted  approach  to  the  stepwise  care  of  asthma 
starts  with  inhaled  beta  agonists  and  folU)ws  with 
either  inhaled  steroids  or  sodium  cromoglycate;  all 
of  these  medications  are  usually  delivered  by 
MDI.- '  Sales  of  MDIs  rose  rapidly  during  the 
1980s  and  are  projected  to  continue  to  ri.se,  es- 
pecially becau.se  new  anli-inllammatory  agents  are 
being  developed  for  administration  by  this  route.* 
Unfortunately,  safe  and  effective  substitutes  for 
CFCs  in  MDIs  are  not  likely  to  be  available  in  time 
to  meet  the  requirements  of  the  Montreal  Protocol, 
the  international  agreement  that  restricts  the  pro- 
duction of  CFCs.' 

The  goals  o\'  this  paper  are  ( 1  1  to  review  the  ad- 
verse effects  of  CFCs  on  the  global  en\ironment. 
(2)  to  describe  the  role  of  CFCs  in  MDI  tech- 
nology, and  (?i)  to  place  in  perspective  the  risks  and 
benefits  of  continued  use  of  CFCs  in  MDIs. 


♦Pharmaceutical  Aerosol  CFC  Coalition.  The  impact  of  further 
CFC  restriction  on  pharmaceutical  aerosols  and  their  use  in  the 
United  Stales  (unpublished  report.  19S9). 
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CFCs  and  the  Environment 

The  chemical  stability  of  CFCs  that  renders 
them  relatively  safe  and  non-toxic  is  also  what 
causes  them  to  be  so  threatening  to  the  global  en- 
\ironment.  There  are  no  known  mechanisms  for 
CFC  decomposition  in  the  lower  atmosphere  (tro- 
posphere). Once  these  compounds  are  released  into 
the  environment,  they  slowly  rise  to  the  upper  at- 
mosphere (stratosphere),  where  they  are  gradually 
decomposed  by  solar  ultraviolet  radiation.  The  ma- 
jor CFCs  in  use  today  ( CFC- 1  1.  CFC- 12.  CFC- 1 13. 
CFC-114)  all  have  long  residence  times  in  the  at- 
mosphere, from  60  to  almost  200  years.^  (The  nu- 
merical identification  of  CFCs  is  by  a  code  that  in- 
dicates hov\  many  carbon,  hydrogen,  chlorine,  and 
fluorine  atoms  are  present.)  The  first  e\idence  that 
CFCs  were  accumulating  in  the  atmosphere  came 
from  measurements  in  the  early  1970s.'''  Compari- 
son of  estimated  releases  of  stable  CFCs  to  the 
measured  atmospheric  concentrations  showed  that 
very  little  of  the  released  compounds  had  de- 
composed. One  positi\c  note  is  that  the  rate  of  ac- 
cumulation seems  to  have  slowed  over  the  last  dec- 
ade, presumably  reflecting  the  North  American  ban 
on  the  nonessential  uses  of  CFCs  in  spray  cans.^ 

Two  major  en\irt)nmental  problems  associated 
with  CFC  accumulation  in  the  atmosphere  have 
been  identified;  contribution  to  global  warming 
through  the  greenhouse  effect  and  depletion  of 
stratospheric  ozone.  These  complex  problems  will 
be  discussed  in  brief. 

The  Cireenhou.se  P^ffect 

Despite  the  controversy  that  surrounds  the  mag- 
nitude of  the  greenhouse  effect,  it  is  actually  one  of 
the  best-established  concepts  in  atmospheric  sci- 
ence.** Both  the  extreme  heat  of  the  surface  of  Ve- 
nus and  the  frigid  surface  of  Mars  can  largely  be 
explained  by  the  greenhouse  effect.  The  effect  is 
caused  b\  the  presence  of  gases  in  the  atmosphere 
that  allow  sunlight  to  tiller  througii  to  warm  the 
surface  of  the  planet  but  block  ihc  escape  of  radiant 
infrared  energy  from  the  surface  back  to  space.  The 
primary  greenhouse  gas  in  Earth's  atmosphere  is 
water  vapor,  but  so-called  trace  gases  (such  as  car- 
bon dioxide,  methane,  tropospheric  ozone,  nitrous 


oxide)  and  CFCs  also  contribute  to  this  effect. 
While  the  greenhouse  gases  are  relatively  trans- 
parent to  the  visible  and  near-infrared  wavelengths 
that  cany  most  of  the  energy  of  sunlight,  they  also 
absorb  efficiently  the  larger  infrared  wavelengths 
emitted  from  the  earth's  surface.  Thus,  as  the  con- 
centration of  greenhouse  gases  increases,  there  is 
greater  warming  of  the  surface  b\  downward  re- 
radiation  of  infrared  heat. 

What  is  most  controversial  about  the  greenhouse 
effect  is  prediction  of  the  degree  of  w  arming  of  the 
earth's  surface  that  will  occur  with  a  gi\en  increase 
in  the  concentration  of  trace  gases  such  as  CO,  and 
CFCs.  Several  computer  models  predict  climatic 
conditions  that  indicate  that  a  doubling  of  the  at- 
mospheric carbon  dioxide  concentration  would 
lead  to  global  climate  warming  of  about  3-5°C,  av- 
eraged over  the  earth's  surface.^"  Similarly,  these 
climatic  models  predict  that  a  warming  of  at  least 
1°C  should  have  occurred  during  the  past  century 
(over  which  there  was  a  20%  increase  in  carbon  di- 
oxide concentration).  However,  this  prediction  of  a 
1 -degree  warming  is  somewhat  larger  than  what 
was  actually  observed,  which  was  approximately 
0.5  degree.  There  are  multiple  possible  explana- 
tions for  the  discrepancy  between  the  prediction 
and  the  actual  temperature  record,  but  the  mag- 
nitude of  the  difference  is  such  that  both  re- 
searchers who  belie\e  the  current  climatic  models 
are  valid  and  those  who  are  skeptical  can  find  sup- 
port for  their  respective  positions.  However,  there 
is  no  argument  that  the  average  temperature  for  the 
198()s  made  it  the  warmest  decade  on  record. 
Whether  this  recent  warming  is  due  to  a  natural 
fluctuation  or  to  the  increase  in  trace  greenhouse 
gases  is  the  important  unanswered  question. 

Further  research  over  the  next  several  decades 
will  likeh  lead  to  a  definitive  answer  concerning 
the  validity  of  the  current  estimates  of  the  climatic 
impact  of  the  buildup  in  greenhouse  gases.  The  de- 
bate is  over  whether  we  can  afford  to  wait  until  de- 
finitive data  have  been  collected.  Five  degrees  C  is 
the  difference  between  the  global  average  surface 
temperature  during  the  Ice  Age  18.000  years  ago 
and  the  present  tempeiature.  If  the  current  climatic 
models  are  valid,  then  we  may  experience  a  rise  of 
similar  magnitude  over  the  next  century.  The  con- 
sequence of  such  a  rapid  increase  in  temperature 
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cannot  be  prec:sel\  prciiccted.  but  it  is  possible  that 
the  sea  level  would  rise  0.5-1.5  meters,  that  the 
flow  of  rivers  in  the  American  Southwest  would  be 
reduced  by  209f .  and  that  the  corn  belt  in  the  Great 
Plain.s  would  "move"  north  and  ea.st  into  Canada.^ 

In  order  to  discuss  appropriate  poHcy  responses 
to  the  threat  of  global  warming  due  to  the  green- 
house effect,  one  must  consider  the  contributions  of 
the  various  trace  gases.  The  contribution  of  carbon 
dio.xide  currently  dominates  because  of  the  mag- 
nitude of  emissions  and  long  residence  time  in  the 
atmosphere:  it  has  been  estimated  that  carbon  diox- 
ide was  responsible  for  approximately  80%  of  the 
global  warming  potential  generated  in  1985.'"  On  a 
weight  basis,  the  global  v\arming  potential  of  CFCs 
is  much  greater  than  that  of  carbon  dioxide  (Table 
1 ).  One  prediction  indicates  that  the  total  contribu- 
tion of  other  trace  gases  to  global  warming  is  more 
likely  than  not  to  e.vceed  the  contribution  from  car- 
bon dioxide  by  the  year  2050. 


tion  should  ha\e  a  positive  impact  on  the  green- 
house effect.  Htnvever.  the  need  for  compliance 
must  be  emphasized,  as  it  has  been  predicted  that 
even  if  1985  emission  rates  of  CFC-1 1  and  CFC-12 
were  to  remain  constant,  the  concentrations  of 
these  compounds  would  more  than  double  within 
the  next  40  years  because  of  their  long  atmospheric 
residency  times." 

Depletion  of  Stratospheric  Ozone 

The  portion  of  the  atmosphere  between  10  and 
50  km  above  the  earth's  surface  is  known  as  the 
stratosphere.  Ozone  (O,)  is  formed  at  high  altitude 
(>  20  km)  in  photolytic  reactions  as  follows: 

h\  +  O:  ^  O  +  O.  and 
O  +  O:  +  M  -^  O;  +  M. 

w  here  M  is  any  third  bod\  capable  of  absorbing  the  energy  of 
the  reaction.'"  and  hv  indicates  liaht  enerav. 


Table  1 .     Relative  Warming  Potential  of  Some  Trace  .At- 
mospheric Gases* 


Gas 


Atmospheric  Residence        Global  Wanning 
Time  (years)  Potential 


CO: 

230 

NO 

160 

HCFC-22 

15 

CFC-II 

60 

CFC-12 

120 

1 

180 

410 

1.300 

3.700 


^.Adapted,  with  permission,  from  Reference  10. 

What  are  high-yield  strategies  for  reducing  emis- 
sions of  greenhouse  gases  and  slowing  the  rate  of 
global  wanning?  Given  the  uncertainty  about  the 
actual  rate  of  temperature  increase,  which  w  ill  not 
be  resohed  for  some  years,  it  has  been  suggested 
that  the  best  policy  actions  to  take  at  the  present 
time  are  those  that  are  otherwise  beneficial  to  so- 
ciety, such  as  in\esting  in  more  efficient  use  and 
production  of  energy.^''  Reductions  in  emissions 
from  the  burning  of  fossil  fuels  would  reduce  acid 
rain  and  dependence  on  foreign  oil  as  well  as  slow- 
ing greenhouse  gas  accumulation. 

ChlorotTuorocarbon  emissions  are  alreads  being 
reduced  b\  international  agreement  because  of  their 
negative  effect  on  stratospheric  ozone,  and  this  ac- 


Ozone  absorbs  the  light  energy  of  ultra\  iolet  (UV) 
photons  <  315  nm  in  the  following  reaction: 

0-.  -I-  h\  -^  O  +  O:. 

This  reaction  is  responsible  for  preventing  vir- 
tually all  UV  radiation  in  the  C-wavelength  range 
(240-290  nm)  and  much  of  the  UV  radiation  in  the 
B-wavelength  range  (290-320  nm)  from  reaching 
the  earth's  surface.  It  has  been  estimated  that  a 
109f  reduction  in  stratospheric  ozone  would  allow 
increases  in  UV  radiation  of  20*^  at  305  nm.  250% 
at  290  nm.  and  500%  at  287  nm." 

Ozone  chemistry  in  the  stratosphere  is  quite 
complex,  and  there  are  multiple  chemical  pathways 
bv  which  ozone  can  be  destroved.'-  However,  the 
presence  of  active  free  radicals  will  catalyze  the 
conversion  of  ozone  to  oxygen  by  the  following  re- 
actions: 

X  +  0;->XO  +  0:.  and 
XO  -t-  O  ^  X  +  O:. 

uhere  X  is  chlorine,  bromine,  nitric  oxide  (.NO),  hydrogen,  hy- 
droxyl.  or  hvdrogen  superoxide  radical. 

The  net  result  is  O  -i-  O,  -^  20,.  so  that  the  active 
radical   is  free  to  catalvze  further  conversion  of 
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ozone  to  oxygen.  Gribben  has  suggested  that  a  sin- 
gle chlorine  radical  may  destroy  up  to  lOO.OOO 
molecules  of  o/tjue.'"* 

The  major  sources  of  stratospheric  chlorine  are 
CFCs,  carbon  tetrachloride,  and  methylchloro- 
form.'-  The  major  sources  ot  stratospheric  bromine 
are  halons.  especially  those  used  in  modern  fire  ex- 
tinguishers. Important  sources  of  stratospheric  ni- 
trogen radicals  are  microbial  production  of  nitrous 
oxide  in  soil  and  the  combustion  of  fossil  fuel,  es- 
pecially by  high-tlying.  supersonic  aircraft.  The  at- 
mospheric concentration  of  all  of  these  compounds 
is  increasing  as  a  result  of  human  activity.  Un- 
fortunately, the  atmospheric  retention  times  of 
these  compounds  tend  to  be  extremely  long. 

Molina  and  Rowland  first  hypothesized  in  a 
1974  paper  that  phololytic  decomposition  of  CFCs 
in  the  stratosphere  would  generate  chlorine  radicals 
that  would  in  turn  cause  the  catalytic  destruction  of 
ozone.''  Howe\er,  worldwide  public  attention  be- 
came focused  on  the  problem  of  ozone  depletion 
only  after  the  report  by  Farman  et  al  of  an  Antarctic 
"ozone  hole"  in  1985.'^  The  total  atmospheric  con- 
centration (or  column  density)  of  ozone  is  meas- 
ured in  Dobson  units,  and  Farman's  group  in- 
dicated that  the  column  density  measured  at  a 
station  in  Antarctica  in  October  fell  from  about  .^20 
Dobson  units  in  1975  U)  about  200  Dobson  units  in 
1984.  Their  initial  findings  have  been  confirmed  by 
other  ground  measurements,  and  satellite  mon- 
itoring has  demonstrated  that  the  area  covered  by 
the  ozone  hole  cinrently  co\ers  most  of  the  con- 
tinent. In  three  of  the  last  four  ycais.  the  column 
density  of  ozone  has  fallen  to  below  125  Dob.son 
units,  so  that  the  scope  of  the  problem  appears  to 
be  rapidly  increasing."' 

Although  the  problem  ol  stralospheiic  o/one  de- 
pletion is  greatest  at  high  latitudes  (apparently  due 
to  high  seasonal  concentrations  of  chlorine  radicals 
as  a  result  of  reactions  on  the  surface  of  particles  in 
polar  stratospheric  clouds),  lecent  evidence  sug- 
gests that  the  problem  affects  the  entire  globe.  An 
analysis  of  data  from  a  network  of  ground-based 
stations  by  the  U.S.  National  Aeronautics  ami 
Space  Administration  indicates  that  there  have 
been  annual  reductions  in  the  colunm  density  of 
ozone  in  the  range  of  1.7-.^.0'^  over  the  mid- 
lalituiles  of  the  northern  hcinisnhcrc.'" 


In  retrospect,  loss  of  ozone  over  Antarctica  was 
evident  in  the  mid-1970s,  when  the  concentration 
of  chkirine  in  the  stratosphere  was  approximatcK 
2.5  parts  per  billion.'-  The  current  concentration  is 
much  higher,  and  projections  for  continued  growth 
suggest  that  a  return  to  the  level  of  the  mid-1970s, 
even  over  a  century,  requires  an  immediate  dramat- 
ic reduction  in  CFC  emissions. 

What  are  the  biological  consequences  of  global 
ozone  depletion?  When  the  ozone  hole  appears  in 
the  Antarctic  spring,  increased  UV-B  radiation 
reaches  the  surface  of  the  continent  and,  perhaps 
more  importantly,  the  surrounding  ocean.  It  has 
been  demonstrated  that  UV-B  radiation  can  pen- 
etrate up  to  20  meters  of  ocean  depth."  Much  re- 
search is  being  conducted  on  the  effects  of  the  in- 
creased UV  radiation  on  the  Antarctic  Ocean 
ecosystem.  Some  investigators  fear  that  the  in- 
creased dose  of  UV  radiation  each  spring  will  harm 
phytoplankton,  the  microscopic  free-floating  algae 
that  form  the  basis  of  the  marine  food  chain.  If  phy- 
toplankton are  affected,  then  so  will  be  krill,  the 
tiny  invertebrates  that  feed  on  them  and.  in  tinn. 
fish,  sea  birds,  and  marine  mammals.  The  data  re- 
ported to  date  do  not  allow  firm  conclusions  to  be 
drawn  about  the  extent  of  damage  to  the  Antarctic 
ecosystem. 

It  is  the  potential  for  damage  to  DNA  from  strat- 
ospheric o/one  depletion  that  is  of  the  greatest  con- 
cern. Ultraviolet  light  in  the  B  and  C  wavelengths 
spans  the  full  photoabsorption  spectrum  of  DNA. 
Because  the  stratospheric  ozone  layer  shields  the 
earth's  smface  from  virtually  all  UV-C  and  most  of 
the  less  damaging  UV-B.  the  ozone  layer's  in- 
tegrity is  vital  to  the  protection  of  the  gent>mc  of 
the  vast  majority  ot  liv  ing  organisms.  With  regard 
to  human  health,  UV  exposure  is  most  strongly 
linked  to  the  etiology  of  cataracts  and  skin  cancer. 
Chronic  UV  e\|iosure  appears  to  be  the  major  de- 
terminant of  basal-cell  and  squamous-cell  car- 
cinomas of  the  skin  in  Caucasian  populations,  and 
there  is  a  negative  correlation  with  latitude.'^  While 
the  relationship  between  UV  exposure  and  ma- 
lignant melanoma  appears  to  be  somewhat  more 
complex,  multiple  epidemiologic  studies  have  es- 
tablished that  there  is  a  clear  negative  correlation 
between  melanoma  mciilcncc  and  latitude." 


I 


1040 


RESPIRATORY  CARE  •  SEPTEMBER  "91  Vol  .Vi  No  9 


MDl  GASES  AND  THE  ENVIRONMENT 


Melanoma  incidence  and  morlality  are  rising  in 
Caucasian  populations  around  the  world.  In  Aus- 
tralia, melanoma  death  rates  have  increased  five- 
told  over  the  past  50  years.'''  The  U.S.  En\ iron- 
mental  Protection  Agency  has  estimated  that  a  1% 
decrea.se  in  stratospheric  ozone  concentration  will 
result  in  a  \-?<7c  increase  in  non-melanoma  skin 
cancer  and  a  0.8-1.5%  increase  in  deaths  due  to 
malignant  melanoma."  One  model  of  ozone  de- 
pletion predicts  a  6%  reduction  in  global  ozone  in 
the  year  2030  compared  to  1970.''  The  prognosis 
may  be  much  more  serious  than  this  model  in- 
dicates because  the  average  annual  decrease  for  re- 
gions below  60  degrees  S  latitude  is  already  greater 
than  6%.-" 

Because  of  the  enormity  of  the  potential  impact 
of  stratospheric  ozone  depletion  on  human  health. 
27  nations  signed  the  Montreal  Protocol  in  Sep- 
tember 1987  to  cut  CFC  production  by  509f  by 
1999.'  The  protocol  called  for  a  continued  review 
of  the  applicable  science,  and  it  has  become  clear 
from  data  collected  after  the  Montreal  meeting  that 
more  drastic  action  is  required.  Only  an  immediate 
85%  reduction  in  CFC  emissions  was  predicted  to 
stabilize  atmospheric  concentrations  at  their  current 
levels.  At  the  most  recent  meeting  of  the  Parties  to 
the  Montreal  Protocol  in  London  in  June  1990.  it 
was  agreed  to  entirely  eliminate  CFC  production 
by  the  year  2000. 

The  rapid  phaseout  of  CFC  production  will  ap- 
ply considerable  economic  pressure  to  phar- 
maceutical manufacturers  of  MDls.  it  will  be  in- 
creasingly costly  and  difficult  for  these  man- 
ufacturers to  obtain  sufficient  supplies  of  the  vari- 
ous CFCs  upon  which  the  proper  functioning  of 
current  devices  depends. 

Metered  Dose  Inhalers 

Pressurized  MDIs  consist  of  four  major  com- 
ponents; ( I )  the  pharmaceutical  formulation,  (2)  a 
pressurizable  container,  (3)  a  metering  device  de- 
signed to  control  the  dispensing  of  precise  doses  of 
the  formulation,  and  (4)  a  mouthpiece  adapter  that 
allows  activation  of  the  discharge  mechanism  of 
the  aerosol,  contains  the  small  orifice  from  which 
the  aerosol  is  discharged,  and  provides  a  conduit  to 
the  patient's  mouth.  The  majority  of  MDI  products 


use  suspension  formulations  due  to  the  solubility 
properties  of  most  of  the  active  drugs  and  the  limit- 
ed solvent  properties  of  the  commonly  used  pro- 
pellants.  Sometimes  solution  systems  employing  a 
co-solvent  such  as  ethanol  can  be  developed,  but 
there  is  a  preference  for  suspension  systems  be- 
cause of  enhanced  chemical  stability,  better  control 
over  particle  size,  and  less  re.spiratory-tract  irrita- 
tion. 

The  typical  ingredients  of  MDI-suspension  for- 
mulations are  the  active  drug,  a  suspending  agent, 
and  a  mixture  of  CFCs  that  serve  as  the  suspending 
medium  and  as  the  propellant.  All  MDI  products 
currently  use  CFC- 1 2  as  the  primary  propellant, 
while  either  or  both  of  two  other  CFCs  with  lower 
vapor  pressures,  CFC- 11  and  CFC- 1 14,  are  added 
to  moderate  the  pressure  and  volatility  of  the  final 
product.  A  small  amount  of  a  suspending  agent 
with  surface-active  properties,  such  as  sorbitan  tri- 
oleate, oleic  acid,  oleyl  alcohol,  or  soya  lecithin,  is 
almost  invariably  included.  While  the  drug  must  be 
insoluble,  the  suspending  agent  must  remain  fully 
soluble  in  the  propellant  blend.  Chlorotluoro- 
carbon-11  is  the  agent  commonly  used  to  provide 
the  required  solvent  properties  for  the  propellant 
blend. 

The  unique  properties  of  the  liquefied  CFC  gas- 
es provide  the  basis  of  function  for  all  current  pres- 
surized MDls.  In  order  for  an  inhaled  medication  to 
be  effective,  a  significant  fraction  of  the  ad- 
ministered drug  must  be  delivered  to  the  patient's 
mouth  in  a  respirable  particle  size.  Pressure  alone 
(generally  between  40  and  60  psi)  is  not  sufficient 
to  generate  an  aerosol  of  respirable  particle  size. 
The  liquefied  CFC  gases  used  in  current  MDls  will 
remain  liquid  at  ambient  temperatures  if  they  are 
held  in  sufficiently  strong  containers.  However,  if  a 
liquefied  CFC  gas  is  released  at  a  temperature 
above  its  boiling  point,  it  explosively  flash-boils 
and  creates  a  fine  aerosol  of  whatever  was  sus- 
pended or  dissolved  in  it. 

The  liquefied  gases  that  can  be  used  in  MDIs 
must  have  appropriate  physical  and  chemical  char- 
acteristics. These  gases  must  be  non-toxic  and  safe 
(eg,  nonnammable).  They  must  ha\e  vapor  pres- 
sures and  boiling  points  such  that  an  appropriate 
pressure  is  generated  at  ambient  temperatures.  The 
liquefied  propellant  mixture  must  have  a  density 
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similar  to  that  of  the  drug  being  delivered  (so  that 
the  drug  does  not  settle  rapidly  after  the  vial  is 
shaken  prior  to  use)  and  appropriate  solvent  char- 
acteristics as  discussed  above.  The  three  common 
CFC  refrigerant  eases  that  are  currently  used  in 


MDIs  meet  all  of  these  requirements  (Table 


'.). 


Table  2.  Properties  ol  CFC  Gases  Commonly  Used  in  MDIs 


Gas 


Boiling        Vapor 
Point        Pressure  Density 

(°C)     (psig.  20°C)     (g/mL.  20°C) 


CFC- 11  (CFCl,) 

24 

-1.8 

1.49 

CFC-12lCF:Cl;) 

-30 

67.6 

1.33 

CFC-114(CF;C1CF:C1) 

4 

11.9 

1.47 

As  previously  mentioned,  CFC- 12  is  used  in  all 
MDIs.  and  provides  most  of  the  energy  used  to 
generate  the  requisite  fine  aerosol.  Chlorofluoro- 
carbon-!14  is  used  in  many  MDIs  to  moderate 
pressure,  alter  density,  and  provide  desired  solvent 
characteristics.  Chlorotluorocarbon-l  1  is  not  ac- 
tually a  propellant.  becau.se  it  has  a  boiling  point 
near  room  temperature  and  can  be  handled  in  liquid 
form  at  atmospheric  pressure  if  slightly  cooled;  its 
primary  role  is  that  of  solvent  for  the  suspending 
agent(s).  Because  of  its  lack  of  volatility.  CFC- 1 1 
plays  an  important  role  in  the  MDI  manufacturing 
process.  A  'concentrate'  of  the  active  drug  and  sus- 
pending agent  in  CFC- 1  1  is  produced  initially;  the 
balance  of  propellant  in  the  formula  is  then  either 
supplied  to  the  MDI  separately  by  injection 
through  the  metering  valve  or  combined  with  the 
concentrate  and  supplied  to  the  MDI  as  a  re- 
frigerated blend. 

Worldwide  CFC  Production  and  U.se  in  MDIs 

In  1988,  the  total  world  constuuption  of  CFCs 
was  over  1.000,000  tons.-'  The  quantity  of  CFC 
gases  cunently  used  worldwide  in  MDIs  is  ap- 
proximately 4,500  tons,  or  from  0.4-0.5%  of  annual 
CFC  production."-  While  any  CFC  emissions  will 
have  negative  effects  on  environmental  quality,  the 
contribution  from  this  level  of  consumption  to  the 
overall  problem  is  small.  However,  manufacturers 
of  CFCs  will  be  cutting  production  of  ozone- 
depleting  CFCs  drastically  over  the  next  few  years 
such  that  it  will  become  progressively  more  dif- 


ficult for  the  pharmaceutical  industry  to  purchase 
these  compounds.  The  manufacturers  of  MDIs  are 
even  considering  purchasing  one  or  more  of  the 
CFC  production  facilities  that  will  be  closed  as  the 
chemical  industry  converts  to  large-scale,  com- 
mercial production  of  hydrofluorocarbon  (HFC) 
and  hydrochlorofluorocarbon  (HCFC)  refrigerants, 
because  the  latter  cannot  be  produced  at  existing 
plants.  Recycling  is  being  done  by  one  major  CFC 
manufacturer,  but  becau.se  of  potential  contamina- 
tion of  recycled  CFCs  with  toxic  chemicals  (eg. 
polychlorinated  biphenyls  and  dio.xins)  as  well  as 
with  lubricant  oils,  this  option  is  not  available  to 
the  pharmaceutical  industry. 

Alternatives  to  CFCs  in  MDIs 

The  two  classes  of  compounds  that  are  being 
commercially  developed  as  replacements  for  CFCs 
are  HFCs  and  HCFCs.  The  ozone-depletion  po- 
tential (ODP)  of  various  compounds  can  be  cal- 
culated by  dividing  the  cumulative  ozone  depletion 
caused  by  release  of  that  compound  by  the  equal 
emission  (by  weight)  of  a  reference  ozone  depleter 
such  as  CFC- 1 1  (Table  3).-'  The  HFCs  do  not  con- 
tain chlorine  and  therefore  have  an  ODP  of  zero. 
The  absence  of  chlorine,  however,  tends  to  cause 
HFCs  to  have  higher  vapor  pressures  and  lower  sol- 
ubility than  CFCs.  While  the  HCFCs  contain  chlo- 
rine, the  addition  of  hydrogen  atoms  allows  them  to 
decompose  in  the  troposphere,  so  that  very  little  of 
the  chlorine  reaches  the  stratosphere.  Thus,  the 
ODP  of  HCFCs,  as  a  class,  is  significantly  less  than 
that  of  CFCs. 

The  compound  that  the  pharmaceutical  industry 
currently   fa\ors  as  a  replacement  propellant  for 

Table  3.     Relative  O/one-Depleting  Polenlial  of  .Some  CFC 
and  HCFC  Gases* 


Gas 

CFC- 11 
CFC- 12 
CFC- II 4 
HCFC- 14  lb 
HCFC- 142b 
HCFC- 1 23 
HCFC- 1 24 
HFC- 1. 34a 


Ozone-Depleting 

Potential 

1.0 

1.0 

0.7 

0.1 

0.05 

0.003 

0.002 

0 

*  Adapted,  with  permission  from.  Reference  21 
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MDI  use  is  HFC- 134a.  because  it  has  a  vapor  pres- 
sure similar  to  that  of  CFC-12.  However,  there  will 
still  be  a  need  for  a  second,  less-volatile  gas  to 
moderate  the  high  pressure  of  HFC- 134a.  and  many 
of  the  suspending  agents  in  cunenl  use  arc  not  \ery 
soluble  in  this  compound. 

A  major  concern  of  the  pharmaceutical  industry 
is  to  find  a  suitable  replacement  for  CFC-i  I.  which 
serves  as  the  low-pressure  co-solvent  in  most  MDI 
formulations.*  The  candidates  include  ethanol. 
HCFCs,  and  hydrocarbons  (eg.  7!-butane.  «-pentane. 
and  isopentane).  There  are  problems  with  each  of 
these  candidates.  Most  drugs  have  only  a  limited 
solubility  in  ethanol  such  that  neither  stable  solu- 
tion nor  stable  suspension  systems  can  easily  be 
formed.  Although  several  HCFC  gases  (123.  124, 
141b.  and  142b)  have  boiling  points  in  the  range 
that  makes  them  appropriate  candidates  for  re- 
placement of  CFC-11.  MDI  manufacturers  are 
somewhat  reluctant  to  gear  up  for  HCFC  use  out  of 
fear  that  these  compounds  may  eventually  be  re- 
stricted because  they  do  have  some  potential  to  de- 
plete ozone.  Another  significant  problem  with 
HCFC  use  in  MDIs  is  tlammability.  The  most  at- 
tractive HCFC  replacement  for  CFC-I  1  in  terms  of 
chemical  properties  and  flammability  is  HCFC- 1 23. 
Unfortunately,  this  compound  appears  to  be  some- 
what toxic  in  initial  testing  undertaken  by  pro- 
ducing companies.  Finally,  several  non-ozone- 
depleting  hydrocarbons  are  possible  candidates 
based  on  their  boiling  points  and  solvent  properties, 
but  remain  unattractive  due  to  tlammability  and  po- 
tential toxicity. 

The  reformulation  of  MDI  products  with  re- 
placement propellants  for  the  current  CFC  mixture 
will  take  considerable  time  and  resources.  First, 
chemical  manufacturers  must  produce  sufficient 
quantities  of  potential  CFC  replacements  to  allow 
pharmaceutical  industry  testing.  Next,  compatibility 
with  current  MDI  manufacturing  processes,  con- 
tainer vials,  and  metering  valves  must  be  assessed. 
Chronic  inhalational  toxicologic  testing  of  the  re- 
placement propellants  would  then  likely  take  sever- 
al years.  Once  new  formulations  including  the  re- 
placement propellants  have  been  developed,  these 
also  will  be  subject  to  chronic  inhalational  toxico- 


*Pharmaceutical  Aerosol  CFC  Coaluion.  The  impaet  ot  further 
CFC  restrietion  on  pharmaceutieal  aerosols  and  their  use  in  the 
United  States  (unpublished  report.  1989). 


logic  testing.  If  a  new  rormtilalion  appears  lo  be 
safe  and  non-toxic  at  this  point,  application  can 
then  be  made  to  the  Food  and  Drug  Administration 
for  permission  to  conduct  stability  and  clinical  ef- 
ficacy testing.  A  coalition  of  pharmaceutical  aero- 
sol manufacturers  has  estimated  that  if  all  goes  well 
uith  each  of  the  abo\c-oullincd  steps  (an  tuilikely 
scenario),  a  minimum  ol  X  years  would  be  required 
to  develop  and  adequately  test  reformulated  MDI 
products.* 

Conclusions 

Both  the  number  of  persons  with  asthma  and  the 
number  of  deaths  attributable  to  asthma  have  been 
increasing  in  the  U.S.  over  the  past  decade.  The 
number  of  persons  with  chronic  obstructive  pul- 
monary disease  (COPD)  has  also  been  increasing, 
although  not  as  dramatically,  probably  as  a  result  of 
decreased  cigarette  smoking.  Approximately  25 
million  Americans  suffer  from  these  conditions,'"^ 
and  a  large  proportion  of  these  people  rely  on  MDI 
products  for  relief  of  respiratory  symptoms  and  pro- 
phylaxis against  acute  exacerbations.  While  al- 
ternatives to  the  use  of  MDIs  do  exist,  it  is  unlikely 
that  all  patients  with  asthma  and  COPD  will  be  able 
to  etfectivcly  and  conveniently  use  the  available 
substitutes.  Nebulized  aqueous  solutions  of  bron- 
chodilators  and  corticosteroids  are  effective  but  re- 
quire equipment  that  is  not  easily  portable  and 
takes  more  time  to  deliver  an  effective  dose  than 
MDIs.  Dry  powder  inhalers  (DPIs).  which  use  the 
energy  of  the  patient's  inspiratory  effort  to  disperse 
the  drug  powder,  have  been  available  for  some 
medications  for  a  number  of  years  (eg,  the  Spinhal- 
er  for  sodium  cromoglycatc  from  Fisons  and  the 
Rotahaler  tor  albuterol  or  beclomethasone  from  Al- 
len and  Hanburys).  While  the  fact  that  these  in- 
halers are  breath-activated  allows  .some  patients  to 
achieve  better  dosing,  it  is  equally  true  that  patients 
in  respiratory  distress  may  not  have  adequate  in- 
spiratory tlowrate  to  properly  activate  DPIs.  A  fur- 
ther problem  with  older  models  of  DPI  is  that  they 
require  the  loading  of  a  gelatin  capsule  containing 
the  drug  powder  prior  to  each  u.se.  Multidose  DPIs 
have  been  recently  introduced  (eg.  Diskhaler  from 
Allen  and  Hanburys  and  Turbuhaler  from  Astra) 
that  are  more  convenient.--  It  appears  likely  that  a 
significant  proportion  of  patients  can  be  succes.s- 
fullv  switched  from  MDIs  to  DPIs.  but  continued 
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MDI  use  will  be  desirable  for  many.  A  recent  Unit- 
ed Nations  Environment  Programme  technical  re- 
port estimated  that  DPIs  were  not  suitable  for  at 
least  10%  of  patients  (small  children,  the  elderly, 
and  persons  with  persistent  airway  hyperre- 
sponsiveness).' 

In  summary,  the  commercial  use  of  CFC  gases  is 
being  phased  out  by  international  agreement  be- 
cause these  gases  have  been  linked  to  the  depletion 
of  stratospheric  ozone.  It  has  also  been  established 
that  CFCs  are  greenhouse  gases  that  contribute  to 
global  warming.  Pressurized  MDIs  are  currently  an 
important  component  of  the  modern  therapeutic  ap- 
proach to  the  treatment  of  asthma  and  COPD  for 
which  a  continued  need  is  likely  to  exist  for  the 
forseeable  future.  Unfortunately.  CFCs  are  required 
for  the  proper  function  of  all  conventional  MDIs. 
Because  it  will  take  a  number  of  years  to  develop 
and  test  replacement  propellants  as  well  as  the  re- 
formulated MDI  products,  national  and  inter- 
national governmental  agencies  will  need  to  design 
specific  policy  responses  for  the  problem  of  CFC 
use  in  MDIs.  The  Parties  to  the  Montreal  Protocol 
on  Substances  that  Deplete  the  Ozone  Layer  appear 
to  recognize  this  need  because  they  have  requested 
that  an  assessment  of  "the  toxicology,  flammabil- 
ity.  energy  efficiency  implications,  and  other  en- 
vironmental and  safety  considerations  of  chemical 
substitutes,  along  with  an  analysis  of  the  likely 
availability  of  substitutes  for  medical  uses"  be  per- 
formed by  mid- 1992  (personal  communication, 
Terrance  Coyne  MD.  St  Paul  MN.  Chairman.  Phar- 
maceutical Aerosol  CFC  Coalition,  November 
1990). 
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Topical  Dos^e  For  Young  Asthmatic 
Children  With  M.D.I.  Aerosol  Medications 

Young  children  with  asthma  can  now  obtain  the  benefits  of  aerosol  medication 
manufactured  by  M.D.I,  s  with  the  new  AEROCHAMBER®  WITH  MASK  from 
.Monaghan  Medical  Corporation.  This  innovative  device  permits  the  use  of  all 
aerosol  medications  manufactured  by  M.D.I  currently  available  for  treatment  of 
acute  wheezing. 

Movement  of  a  diaphragm  in  the  mask  is  a  helphil  indication  that  the  mask  is 
properly  sealed  to  the  child's  face.  Proven  efficaq'  with  metered  dose  inhalers, 
combined  with  the  convenience  of  the  AEROCHAMBER  ^ITH  MASK,  allows  you 

to  give  aerosolized  medications  to  young  children  practically  any  time  or  any  place,  effectively  and  conveniently. 

The  AEROCHAMBER  VCITH  MASK  is  very  inexpensive  when  compared  to  the  use  of  a  compressor  with  S.V.N,  and 

mask.  The  AEROCHAMBER  WITH  MASK  is  easy  to  use,  easy  to  clean,  compact  enough  to  fit  in  a  mother's  purse,  and 

best  of  all,  delivers  the  results  you  expect  when  treating  asthma  and  bronchiolitis. 

Note:  "Metered  dose  inhalen  and  Aerochamber  with  Mask  are  to  be  used  by  a  responsible  adult  under  the  direction  of  a  physician." 

Improving  The  Future  Today 


MONAGHAN  MEDICAL  CORPORATION 
P.O.  Box  2805,  Plattsburgh,  NY  12901         800/833-9653         In  NY  518/561-7330 


Fax  518/561-5660 


1.  Bronchodilalors  Effect  of  Fcnolcrol  and  Ipratropium  Bromidt  In  Infant*  With  .\cutc  « lieczing  I  sc  Of  MDI  With  A  Spacer  Device. 
Mailol,  J.,  Barruelo,  I.  Glrardl,  G.  and  Toro,  O.  Pediatric  Pulmonology  J;352  356(  198-| 
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Calendar 
of  Events 


Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space- 
available  basis,  in  Calendar  of  Events  in  Respiratory  Care.  Ads  for  other  meetings  are  priced  at  $5.50 
per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  month  two  months  preceding  the  month 
you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to:  Calendar  of  Events.  Respiratory  Care. 
I  1(1.^0  .Abies  Lane.  Dallas  TX  75229-459.^, 


AARC  &  AFFILIATES 

September  18-20  in  Myrtle  Beach,  South  Carolina.  The 

SCSRC  hosts  Its  .Annual  .Suite  .Meeling  at  the  Landmark  Hotel. 
Contact  Sandra  Cassell  at  (80.^)  765-7201. 

September  19-20  in  Sebasco,  Maine.  The  MSRC  presents 
its  Annual  Fall  Conference.  "The  Maine  Event."  at  Sebasco 
Lodge.  Topics  include  case  studies  of  difficult  ventilation, 
hyperbaric  inedicine.  ventilation  equipment  in  the  home,  and 
CLIA  regulations.  Contact  Jane  Barlhclelte  for  additional 
information  at  (2071  .596-8488. 

September  19-20  in  Indianapolis,  Indiana.  The  ISRC  presents 
its  18th  Annual  Fall  Seminar  at  the  Holiday  Inn-North.  The 
two  full  days  feature  lectures,  specialty  sections,  exhibits,  and 
Sputum  Bowl  competition.  Topics  include  the  future  of 
ventilation,  home  care  accreditation,  pediatric  rehabilitation, 
MDI  therapy,  total  quality  management,  asthma,  critical  care, 
and  Exosurf  use.  Contact  Kathleen  Lee,  Ivy  Tech,  PO  Box 
1763.  Indianapolis  IN  46206.  (.■^17)  921-4402. 

September  25-27  in  Minneapolis,  Minnesota.  The  MSRC 

presents  its  22nd  Annual  Education  Conference  at  the  Holiday 
Inn  West.  Activities  begin  with  the  .■'rd  annual  "Duffers  Open" 
golf  tournament  and  the  MSRC  "Qui/  Bowl."  Dr  Ronald 
Cranford.  nationally  known  biomedical  ethicist,  gives  the 
keynote  lecture.  Contact  Michele  Patnaude  at  (61 2i  347-2546. 

September  26-27  in  Napa,  California.  The  CSRC  Chapter 
10,  the  American  Lung  Association  of  the  Redwood  Empire, 
and  the  Respiratory  Therapy  Program  at  Napa  Valley  College 
present  the  9th  Annual  Napa  Valley  Conference  "Current 
Concepts  in  Cardiopulmonary  Care."  Topics  include  home  care, 
surfactant  replacement  therapy,  transesophageal  echocardio- 
graphy, AIDS  treatments,  hyperbaric  medicine,  and  issues  in 
bronchodilator  therapy.  Also,  Patrick  Dunne  MEd  RRT,  AARC 
president,  presents  "Respiratory  Care  in  the  21st  Century." 
Nine  CEUs.  Contact  Kate  Benscoter  at  (707)  253-3141. 

September  26-27  in  Hays,  Kansas.  The  KSRC  invites  all 
RCPs  to  the  5th  Annual  Western  Kansas  Seminar.  Topics 
include  "RC  in  Canada."  "Caregiver's  Role  in  Maintaining 
Organ  Donor  Candidates."  "Respiratory  Care  of  the  Burn 
Victim,"  "The  Lung  Cancer  Patient,"  and  "Stabili/.ationy 
Transportation  of  the  Acute  Trauma  Victim."  Contact  Don 
Hedden  RRT,  Hays  Medical  Center-Hadley  Campus.  201  E 
7th.  Hays  KS  67601.  (913)628-9310. 

September  29-October  1  in  Coeur  d'Alene,  Idaho.  The  ISRC 
presents  its  Annual  Convention  at  The  Coeur  d'Alene  Resort. 
Speakers  include  James  Stoller  MD.  John  Luce  MD,  and  Forrest 
Bird  PhD.  The  convention  features  lectures,  exhibits.  Sputum 
Bowl  competition,  and  a  dance/boat  cruise  on  beautiful  Lake 
Coeur  d'Alene.  For  information,  contact  Becky  Reagan  RRT 


or  Alan  Terry  RRT,  Respiratory  Care  Department,  Kootenai 
Medical  Center.  2003  Lincoln  Way,  Coeur  d'Alene  ID  83814. 
(208)  664-7430. 

October  2-4  in  (jaylord,  Michigan.  The  MSRC  presents  its 
Annual  Fall  Conference  at  the  Sylvan  Treetops  Resort.  Program 

topics  include  trauma,  critical  care,  aerosol  therapy/ 
pharmacology  update,  pediatrics,  management,  and  ethics.  The 
Pulmonary  Rehabilitation  Membership  Section  offers 
presentations  on  the  metabolic  cart  and  nutrition.  Special  events 
include  a  golf  outing  on  an  18-hole  championship  course,  wine 
and  cheese  reception,  outdoor  steak  fry,  and  volleyball.  Contact 
Beth  Hill  RRT,  Bay  Medical  Center,  Respiratory  Care 
Department,  1900  Columbus  Ave,  Bay  City  MI  48708.  (517) 
894-3166. 

October  6-9  in  Cancun,  Mexico.  The  LSRC  celebrates 
Respiratory  Care  Week  by  spon.soring  the  Cancun  Breeze 
Management  Seminar  at  Conrad  Resorts  International  in 
Cancun.  For  more  information  and/or  a  registration  form, 
conlact  Jim  Lanoha  at  (504)  387-7080. 

October  8-9  in  Honolulu,  Hawaii.  The  HSRC  presents  the 
18th  Annual  Respiratory  Care  Conference  at  the  Hilton 
Hawaiian  Village  Hotel.  Keynote  speaker  is  AARC  President 
Patrick  Dunne  MEd  RRT.  Coniact  Helen  Ono,  1717  Palolo 
Ave.  Honolulu  HI  96816.  (808)  547-9532. 

October  12  in  Long  Beach,  California.  The  CSRC  Chapter 
IV  and  the  American  Lung  .Association  of  Long  Beach  present 
Respiratory  Care  Workshop  XVII  at  the  Clarion  Hotel.  Contact 
Nan  Evans,  American  Lung  Association  of  Long  Beach.  1002 
Pacific  Ave,  Long  Beach  CA  90813-3098.  (213)  436-9873. 

October  15-17  in  Atlantic  City,  New  Jersey.  The  NJSRC 
presents  the  1991  Shore  Conference  at  Trump  Castle  by  the 
Bay.  Contact  Gail  Horn  RRT.  Kennedy  Memorial  Hospital- 
Cheirv  Hill.  PO  Box  5009.  Cherry  Hill  NJ  08034.  (609)  488- 

6847. 

October  18  in  Long  Island,  New  York.  The  Southeastern 

Chapter  of  the  NYSSRC  presents  its  23rd  Annual  Symposium. 
"Professional  Practice  Update  1991."  The  conference  will  be 
held  at  the  Marriott  Hotel  in  Uniondale.  Speakers  include  Patrick 
Dunne  MEd  RRT  (Continuous  Quality  Iinprovement);  Marty 
Douglass  MA  (Clinical  Applications  of  Noninvasive  Venti- 
lation); Barbara  Finger  JD  (Clinical  Incident  Documentation); 
Thomas  East  PhD  (The  Use  of  Computers  in  Respiratory  Care); 
AimeeTelseyMD(  Artificial  Surfactant  Replacement);  and  Fred 
Mindermann  BS  RRT  (Dynamic  Interaction  Ventilation). 
Conlact  Ken  Axton  RRT  at  (516)  444-3180. 


1046 


RESPIRATORY  CARE  •  SEPTEMBER  '91  Vol  36  No  9 


CALENDAR  OF  EVENTS 


October  25  in  Bear  Mountain,  New  ^■o^k.  The  Hudson  Valley 
Chapter  of  the  N^'SSRC  presents  its  annual  educational  seminar 
at  the  Bear  Mountain  Inn.  The  theme  tor  the  I -day  event  is 
■"Pediatric  Ventilator  &  Respiratory  Care."  The  magnificent 
landscape,  a  buffet  lunch,  the  scenic  Hudson  River,  and  fall 
foliage  complement  the  event.  Contact  Mike  Aiello  RRT.  Box 
150,  Glenham  NY  12527.  (914)  795-5.^0. 

October  30-31  in  Sturbridge,  Massachusetts.  The  MSRC 

presents  its  14th  .Annual  Meeting  at  the  Sheraton  Sturbridge 
Resort  and  Conference  Center.  Topics  include  bronchoscopy, 
home  care,  asthma  diagnosis  and  therapy,  ECMO,  and  sleep 
studies.  Special  feature  is  a  debate  covering  the  pros  and  cons 
of  pentamidine  and  ribavirin.  Contact  Gina  Farquharson  RRT, 
16  Bartlett  St.  Pembroke  MA  02359.  (617)  293-6090. 

OTHER  MEETINGS 

September  14-October  27 — CRTT  Exam  Review  Work- 
shops. Respiratory  Review  Workshops  (RRW)  will  be 
conducting  entry-level  certification  examination  reviews  to 
prepare  individuals  taking  the  November  CRTT  exam.  The 
workshop  is  taught  by  Gary  Persing  BS  RRT.  director  of  clinical 
education  in  the  respiratory  therapy  program  at  Tulsa  Junior 
College.  This  highly  successful  2-day  workshop  will  be  held 
in  San  Antonio  TX  on  Sept  14-15;  Minneapolis  MN  on  Sept 
21-22;  Tulsa  OK  on  Sept  28-29;  Dallas  TX  on  Oct  12-13; 
and  Shreveporl  LA  on  Oct  26-27.  The  AARC  has  approved 
this  workshop  for  16  CRCE  credits.  Contact  RRW  at  (918) 
455-0503. 

September  20  in  Beaumont,  Texas.  The  Respiratory  Care 
Services  Department  of  St  Elizabeth  Hospital  hosts  its  3rd 
Annual  Educational  Seminar  at  the  Beaumont  Plaza  Holiday 
Inn.  Lectures  and  hands-on  workshops  cover  a  wide  variety 
of  topics  of  interest  to  respiratory  and  nursing  professionals. 
Contact  Greg  Rodgers  RRT  at  (409)  899-7065. 

September  27  in  Philadelphia,  Pennsylvania.  Main  Line 
Health  Inc  presents  ""Current  Perspectives  in  Adult  and 
Neonatal  Pulmonary  Care"  at  the  Society  Hill  Sheraton  Hotel. 
Fee:  $100  physicians;  S75  RTs,  RNs,  and  PAs  (includes 
breakfast  and  lunch).  Hotel  and  tour  packages  available.  Contact 
Bob  Kay  or  Bill  Howell.  Bryn  Mawr  Hospital,  130  S  Bryn 
Mawr  Ave,  Bryn  Mawr  PA  19010.  (215)  526-3340. 

September  27  in  Oxnard,  California.  The  American  Lung 
Association  of  Ventura  County  presents  ""Pandora's  Box  of 
Pulmonary  Medicine."  This  year's  guest  speaker,  Thomas  Petty 
MD,  discusses  pulmonary  rehabilitation.  Contact  Barbara 
Weinberg.  American  Lung  Association.  (805)  988-6023. 

October  7  in  Rochester.  Minnesota.  The  Mayo  Department 

of  Anesthesiology/Respiratory  Therapy  Program  presents  the 
1st  Annual  Paul  Didier  Distinguished  Lecture.  Dr  Irwin  Ziment 
will  present  ""Our  5,000- Year  Attack  of  Asthma."  Contact 
Penny  Marshall.  Charlton  2.  Mayo  Clinic.  Rochester  MN  55905. 
(507)  284-9694. 
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A  World  Of  Opportunity 
For  Traveling  Professionals. 

At  StarMed,  we  provide  the  profes- 
sional opportiuiities  cUid  personal  sat- 
isfaction \-ou  want  as  a  traveling  RRT, 
CRTT  or  CRNA.  •  Choice  of  13-week 
assignments  from  the  comitrys  finest 
hospitds.  •  The  Golden  Wings  bene- 
fits program  -  the  most  comprehen- 
sive pay,  bonus  and  insurance 
package  in  the  industry.  •  Paid  travel 
and  housing  expenses,  •  Cai'eer  coim- 
seling  and  support  from  your  personal 
recruiter 

If  you're  a  cpalified  professional 
with  at  least  one  yeai^'s  experience, 
and  you're  looldng  for  temporary  or 
pennanent  placement,  call  StarMed, 
It'll  do  you  a  world  of  good. 


d: 


m 


STAFFING  CORPORATION 

Toll-free  ]-800-ST.\RMED  (782-7633) 
Circle  127  on  reader  service  card 


AEROSOL  TREATMENT 
AND  SPUTUM  CHAMBER 


J.H.  Emerson  Co. 

22  Cotfice  .An  eniie  •  C.imbridge,  \1A  02140 


For  the  sate 
delivery  of 
aerosolized  drugs 
(Pentamidine)  and 
for  sputum 
induction 
procedures,  the 
Emerson  Model  7- 
AT  Chamber 
provides  a 
convenient 
.ilternative  to 
lomplete 

\'enhlation  system 
installations. 

FEATURES: 

Self-contained 
High  Air 
Exchange  Rate 
Alarms 
Sturdy 
Construction 
Conx'enient  Size 
Requires  No 
Costly 
Pisposabies 


(617)864-1414 
(800)  252-1414 
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October  11-13  in  Clearwater  Beach,  Florida.  The  American 

Lung  Association  of  Florida  hosts  the  conference  ■■Respirator. 
Care  for  the  Pediatric  and  Neonatal  Patient."  Contact  Richard 
T  Doggett,  American  Lung  Association  of  Florida.  PO  Box 
8127,  Jacksonville  FL  32239.  (904)  743-2933. 

October  11-13  in  Marina  del  Rev,  California.  Children's 
Hospital  of  Los  Angeles.  Saddleback  Memorial  Medical  Center, 
and  SensorMedics  Corp  host  the  Infant  and  Pediatric  Pulmonarv' 
Function  Testing  Conference.  For  a  brochure  and  more 
information,  call  (800)  231-2466.  ext  700. 

October  17-18  in  Birmingham,  .Alabama.  The  Children's 
Hospital  of  Alabama  presents  its  1st  Annual  Perinatal-Pediatric 
Respiratory  Care  Clini-Course  at  the  Radisson  Hotel.  Topics 
include  assisted  ventilation  of  the  neonate,  high-frequency 
ventilation,  pressure  support  ventilation,  mechanical  ventilation 
of  the  asthmatic  patient,  pediatric  trauma,  mask  ventilation, 
delivery  of  aerosolized  drugs,  and  continuous  aerosoiization. 
Speakers  include  Waldemar  Carlo.  Robert  Kacmarek.  Allen 
Goldberg,  and  Joseph  Rau.  Contact  Susan  Forrest  at  (205)  939- 
9675. 

October  18  in  Cincinnati,  Ohio.  The  University  of  Cincinnati 

presents  a  1-day  course  entitled  ■"Understanding  Lung  Function 


Tests."  Contact  Occupational  Pulmonary  Services  at  (513)  558- 
1234. 

December  6  in  Cincinnati,  Ohio.  The  University  of  Cincinnati 
presents  a  1-day  course  entitled  "Spirometry  Refresher — 
Update."  This  course  reviews  recent  changes  in  spirometry 
testing  standards,  guidelines,  and  interpretation  techniques. 
Contact  Occupational  Pulmonary  Services  at  (513j  558-1234. 

January  20-27  in  Bahamas  Cruise/Orlando  Tour.  Dream 

Cruises'  "'Stress  Busters  Cruise"  for  continuing  education 
combines  lectures  and  workshops  throughout  the  week.  $795 
(per  person/double  occupancy )  inside  cabin  or  S825  (per  person/ 
double  occupancv )  outside  cabin.  Price  includes  airt'are.  cabin, 
hotel,  car.  transfers,  with  food  and  entertainment  provided 
aboard  ship.  Contact  Kathy  Kearney  at  (800)  462-3628.  or 
write  10882  LaDona  Ave.  Garden  Grove  CA  92640. 

February  12-14  in  Mexico  City,  Mexico.  The  Consejo 
Mexicano  de  Inhaloterapia  presents  the  1st  International 
Congress  of  Respiratory  Therapy  at  the  Hotel  Paraiso  Radisson 
Perisur.  International  speakers  and  exhibits  featured.  For  more 
information,  contact  Dr  Hector  Leon  Garza  at  011-525-588- 
7386.  or  fax  01 1-525-578-8952. 


No  Regrets... 
With 
Ambu^ 
Res-Cue  Key. 

Effective 

Contact  Prevention 

for  CPR. 


(,!«*^ 


•5^ 


i^hen  saving  a  life  must  be  your  only  concern, 
Ambu  has  developed  a  mask  made  of  non-toxic 
transparent  plastic  and  fitted  witfi  a  one-way  valve 
tfiat  prevents  the  transmission  of  infection  during 
emergency  ventilation. 

What's  more,  Res-Cue  Key  is  contained  in  a 
small,  easily  opened  key  ring  so  it  can  always  be 
carried  with  you  .  ,  .  always  ready  to  use. 

Life  and  no  regrets. 

For  use  by  CPR-trained  personnel  only. 


Ambu  = 

7476  New  Ridge  Road 
Hanover,  Maryland  21076 

Telephone:  1-800-AMBU  INC 
Telefax:  1-301-850-4699 


AMB-101-A       06/90       AARC  Times 
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DeVilbiss  Aerosol  Management: 
From  Infancy  to  Adolescence. 


The  DeVilbiss  complete  line  of  aerosol 
management  products  assists  you  in 
prescribing  a  total  respiratory  therapy 
program  for  your  patients.  Convenient 
and  effective,  these  products  help 
insure  compliance  for  patients  who 
require  at-home  aerosol  therapy  and 
monitoring. 

Pulmo-Aide® 

The  principal  compressor/nebulizer 
for  more  than  25  years,  Pulmo-Aide 
provides  optimum  utilization  of 
medication  in  the  home  or  health  care 
environment.  Pulmo-Aide  operates 
with  either  aerosol  mask  or  mouthpiece 
and  comes  with  a  five-year  warranty. 

Pulmo-Aide®  Traveler™ 

Ideal  for  the  adolescent  patient  with  an 
active  lifestyle,  Pulmo-Aide  Traveler  is 
designed  for  portability  (AC,  DC  and 
battery)  with  the  same  high-output 


efficiency  of  Pulmo-Aide.  Because 
it  can  be  used  in  any  environment, 
Pulmo-Aide  Traveler  is  an  important 
element  in  patient  compliance. 

Pulmo-Graph™ 

DeVilbiss'  peak  flow  monitor  is  a 
significant  part  of  a  total  therapy  pro- 
gram. A  study  by  the  National  Heart, 
Lung,  and  Blood  Institute  stressed  the 
importance  of  using  a  peak  flow  moni- 
tor for  home  monitoring  of  patients 
with  asthma. 

Founded  by  a  doctor  in  1888,  DeVilbiss 
today  is  a  leader  in  aerosol  therapy 
products  worldwide.  So,  when  prescrib- 
ing aerosol  therapy  for  your  patients, 
insist  on  the  dependability  of  DeVilbiss. 
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Send  today  for  your  free  supply  of 
our  pamphlet,  Parents  Guide  to 
Asthma.  Informative  and  easy-to- 
understand,  it  answers  the  most 
commonly  asked  questions  about 
asthma.  You'll  find  it  a  valuable 
addition  to  your  patient  education 
program. 

Doctor 


Facility_ 
Address_ 


City_ 
State_ 


Zip_ 


Phone 

Quantity 

Mail  to  DeVlLBISS, 

P.O.  BOX  635,  DEFT.  1200 

SOMERSET,  PA  15501-0635. 


DEVILBISS 


HEALTH  CARE 

WORLDWIDE 


We  add  life  to  every  breath. " 
814-443-4881  •  800-DeV-1988 
Somerset,  PA  15501-0635  U.S.A. 

CANAOA.FRANCE.GERMANV.JAPAN.U  KINGDOM 

1991  DeVilbiss  Health  Care.  Inc. 


Pulmonary  Physiology 
Supervisor 


Acting  as  the  Technical  Director  for  this 
Academic  state-of-the-art  Laboratory,  you'll 
supervise  and  perform  pulmonary  function 
testing,  develop  related  procedures  and  par- 
ticipate in  patient  rehabilitation-  Routine  and 
advanced  testing  requires  experience  in  ex- 
ercise physiology,  pulmonary  rehab,  sleep 
apnea  evaluation,  ventilation  and  methacho- 
llne  challenge  studies.  A  minimum  of  two 
years  progressively  responsible  related  ex- 
perience coupled  with  two  years  of  college  or 
technical  school,  NBRC  Certification  (or  regis- 
try preferred)  and  a  valid  NY  City  Board  of 
Health  Technologists  (029)  permit  is  required 

We  offer  an  attractive  salary  and  compre- 
hensive benefits  package  For  consideration, 
send  resume  (resumes  without  salary  history/ 
requirements  will  not  be  considered)  to  our 
Technical  Recruiter,  PO  Box  3999HR,  New 
Hyde  Park,  NY  1 1  042   An  Equal  Opportunity 
Employer. 


LIj  Affiliation  at 
Queens  Hospital  Center 


Long  Island  Jewish  Medical  Center, 
The  Long  Island  Campus  for  the 
Albert  Einstein  College  of  Medicine 
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NEW  RUDOLPH  MOUTH/FACE  MASK 

Stress/ Exercise/ Pulmonary  Testing, 
and  Metabolic  Measurements. 


T-Shape-  Valve 

The  New  Design  of  isolating 
the  nose  chamber  reduces 
the  masks  rebreathing 
volume  dead  space. 

This  lower  dead  space 
improves  breath  by  breath 
measurements. 


HANS  RUDOLPH,  inc. 

7200  Wyandotte  ■  Kansas  City,  Missouri  64114  USA 

(816)  363-5522  FAX  (816)  822-1414 

Toll  Free  within  the  USA  1-800-456-6695 


For  your  convenience,  information,  and  direct  access, 
the  advertisers  in  this  issue  and  their  phone  numbers 
are  listed  below.  Please  use  this  directory  for  requesting 
written  material  or  for  any  questions  you  may  have. 


HELP 

LINES 

Ambu  Inc 

800-AMBU  INC 

....  815-338-9500 

Automatic  Liquid  Packaging  Inc 

Burroughs  Wellcome 

. . .  919-248-3000 

CNS  Inc 

. . .  800-843-2978 

Component  Systems  Inc 

800-ISOLATE 

DeVilbiss 

.    800-DEV-1988 

JH  Emerson  Co 

....  800-252-1414 

Hans  Rudolph  Inc 

. . . .  800-456-6695 

HealthScan  Products  Inc 

....  800-962-1266 

HRInc 

...  800-426-1042 

Impact  Medical  Corp 

...  201-882-1212 

Monaghan  Medical  Corp 

. . .  800-833-9653 

MSA  Catalyst  Research 

. . .  800-672-4678 

Peace  Medical    

. . .  800-537-9564 

Puritan-Bennett  Corp 

. . .  800-255-6773 

Quinton  Instrument  Co 

. . .  800-426-0347 

Ross  Laboratories 

...  614-227-3189 

Schering  Corp    

...  201-298-4660 

Sherwood  Medical       

. . .  800-325-7472 

StarMed  Staffing 

800-STARMED 
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Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  education  programs,  and  the  like  will 
be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired 
month  of  publication  (January  1  for  the  March  issue.  February  1  for  the  April  issue,  etc).  Include  all  pertinent 
mt\>rniation  and  mail  notice  to  Respirator>  Cark  Notices  Depl.  1 1030  .Abies  I,ane,  Dallas  TX  75229-459.^^ 


Notices 


THK  ALLEN  AND  HANBLRYS  PUBLICATIONS  AWARDS 

FOR  1991 

1.  .S2.000  for  the  best  original  paper  (study,  exalualion.  or  case  lepoil)  accepted 
for  publication  in  Rhspir.atoR"!  Care  from  November  i"-W(l  through  October  1991. 

2.  Four  awards  of  $  1 ,000  each  for  papers  ba.sed  on  1 990  Open  Fori  m  presentations 
accepted  for  publication  in  Respiratory  Care  from  November  1 990  through  October 
1991. 

3.  Five  awards  of  S-5()()  each  for  the  best  papers  (subniilled.  not  necessarily 
published)  from  "never  published  in  RC"  OPEN  FORIJM  participants.  The  author 
must  present  the  abstract  at  the  Annual  Meeting  and  must  submit  a  paper  based 
on  the  abstract  before  the  Annual  Meeting  (received  in  the  Editorial  Office  by 
December  I ). 


REGISTRATION  REIMBURSEMENT 
FOR  OPEN  Fori  M  PAPERS 

An\  1991  Opfn  Forlm  presenter  (or  co-author  designee)  who  submits  an 
adequaiel)  prepared  paper  based  on  his  or  her  Opi-n  Forcm  presentation  prior 
to  or  ai  the  1991  .Annual  Meeting  will  be  reimbursed  for  Annual  Meeting 
registration.  The  submitted  paper  must  contain  complete  data,  be  appropriately 
organized,  and  be  t\ped  double-spaced.  Camera-ready  artwork  need  not  be 
submitted  with  the  paper,  but  sketches  of  proposed  t^igures  should  be  clear  and 
detailed  enough  to  allow  critique. 

RADIOMETER  AMERICA 

Radiometer  .Amenca  Inc  is  offenng  three  awards  of  S3,^3  each  for  the  best 
features  from  (1 1  Test  Your  Radiologic  Skill.  (2)  Blood  Gas  Corner,  and  (3) 
PFT  Corner  accepted  for  publication  from  November  1990  through  October 
1991. 

The  awards  will  be  made  at  the  1991  .Annual  Meeting.  Papers  are  judged 
automatically.  No  application  is  necessary 


AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1991 — Atlanta.  Georgia.  December  7-10 
1 992 — San  Antonio.  Te.xas.  December  12-15 
199.3— Nashville.  Tennessee.  December  11-14 
1994 — Las  Vegas.  Nevada.  December  12-15 
1995— Orlando.  Florida.  December  2-5 


PUBLICATION  OF  INTEREST 

"'Recommendations  for  Preventing  Transmission  ot  Human  immunodeficiency 
Virus  and  Hepatitis  B  Viru.s  to  Patients  during  Exposure-Prone  Invasive 
Procedures.--  MMWR  199l;40{No.  RR-8). 

Smgle  copies  ot^  this  document  are  available  from  the  National  AIDS 
Clearinghouse.  PO  Box  6003.  Rock\ille  MD  2OS50;  telephone  800-458-3231. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE 

1991  Examination  and  Fee  Schedule 

CRTT  Examination 

Fee  Schedule 

EXAMINATION  DATE:                                            JULY  20.  1991 

Entry  Le\el  CRTT — new  applicant: 

$  75.00 

Applications  Accepted  Beginning:                               March  1.  1991 

Entry  Level  CRTT — reapplicant: 

$  50.00 

Application  Deadline:                                                      May  1.  1991 

RRT  Written  and  Clinical  Simulation — 

EXAMINATION  DATE:                                 NOVEMBER  9.  1991 
Applications  Accepted  Beginning:                                   July  1.  1991 
Application  Deadline:                                            September  1.  1991 

new  applicant: 
Written  Registry  Only  new  applicant: 
Written  Registry  Only  reapplicant: 
Clinical  Simulation  Only  new  and  reapplicant: 

$175.00 
$  75.00 
$  50.00 
$100.00 

RRT  Exainlnatlon 

Entry  Level  CPFT — new  applicant: 

$100.00 

Entry  Level  CPFT — reapplicant: 

$  80.00 

EXAMIN.ATION  D.ATE:                                  DECEMBER  7.  1991 

Advanced  RPFT — new  applicant: 

$150.00 

Applications  Accepted  Beginning:                                June  1.  1991 

Advanced  RPFT — reapplicant: 

$130.00 

■Application  Deadline:                                                  August  1.  1991 

CRTT  Recredentialing: 

$  25.00 

RPFT  Examination 

RRT  Recredentialing: 

Written  Registry  E.xamination 

$  25.00 

EXAMINATION  D.ATE:                                  DECEMBER  7.  1991 

Clinical  Simulation  E.xamination 

$  65.00 

Applications  Accepted  Beginning:                                July  1.  1991 

CPFT  Recredentialing: 

$  25.00 

.Application  Deadline:                                          September  1.  1991 

RPFT  Recredentialing: 
Membership  Renewal 

$  90.00 

CRTT/RRT/CPFT/RPFT 

$  12.00 

8310  Nieman  Road  •  Lenexa. 

Kansas  66215  •  (913)  599-4200 
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Anyone  can  do  it  in  a  chair. 


with  a  DEMISTIFIER 


you  can 


do  it  in  a  chair  O ,  in  a  wheelchair 


But 


or  in  a  recliner 


do  it  on  a  table 


,  or  you  can 


,  or  on  a  bed 


,  or  even  in  a  baby  crib 


You  can  do  it  anywhere  in  a 


hospital 


n 

TT 


or  at  home . . . 


administer  aerosols  witti  ttie 


•!>.  .V^»  iir.  IfU^  iii^ii 


^'^^h 


fOB 


fV^^5, 


N/\OeO 


•1:^p^ 


ISOLATION  CHAMBER 

from 

'^^^  50  South  Center  Street,  Unit  11 

Orange,  New  Jersey  07050 
(201)  672-2120  •  800-537-9564 

peace  medical   fax:  (20i)  672  3404 
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RE/PIRATORy  C^RE 


Instructions  for  Authors  and  Typists 


These  Instructions  are  meant  to  guide  authors  and  typists,  including 
veterans  in  those  roles,  in  the  production  of  quality  manuscripts.  Perfection 
is  not  expected,  but  the  well-prepared  manuscript  has  the  best  chance 
for  prompt  review  and  early  publication. 

General  Requirements 

Submissions  should  (1)  be  related  to  respiratory  care,  (2)  be  planned 
for  one  of  the  publication  categories  below,  and  (3)  be  prepared  as 
indicated  in  these  Instructions.  A  letter  accompanying  the  manuscript 
must  specify  the  intended  publication  category,  be  signed  by  all  the  authors, 
and,  when  there  are  two  or  more  authors,  state  that  "We,  the  undersigned, 
have  all  participated  in  the  work  reported,  read  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 

Publication  Categories 

Research  Article  (Study):  A  report  of  an  original  investigation. 

Evaluation    of   a    Device/Method/Technique:    A    description    and 

evaluation  of  an  old  or  new  device,  method,  technique,  or  modification. 

Case   Report:  A   report  of  a  clinical  case  that  is  uncommon  or  of 

exceptional  teaching  value.  The  author(s)  must  have  been  associated 

with  the  case.  A  case-managing  physician  must  be  one  of  the  authors 

or,  if  not  an  author,  must  supply  a  letter  approving  the  manuscript. 

Case  Series:  Like  a  Case  Report  but  including  a  number  of  cases. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature  and 

state  of  the  art  of  a  pertinent  topic  that  has  been  the  subject  of  40 

or  more  published  research  papers. 

Overview:  A  cntical  review  of  a  pertinent  topic  about  which  not  enough 

research  has  been  published  to  merit  a  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 

critically  reviewed  (not  necessarily  in  this  journal). 

Point  of  View:  A  paper  expressing  the  author's  personal  opinions  on 

a  pertinent  topic. 

Special  Article:  If  a  paper  does  not  fit  one  of  the  foregoing  categories 

but  IS  pertment,  the  editors  may  consider  it  as  a  Special  Article. 

Editorial:  A  paper  that  draws  attention  to  a  pertinent  concern. 

Letter:  A  signed  communication  about  material  published  m  this  journal 

or  on  topics  of  interest  or  value  to  readers. 

Blood  Gas  Comer:  A  brief,  instructive  case  report  (real  or  fictional) 

involving  invasively  or  noninvasively  obtained  respiratory  care  blood 

data,  followed  by  questions  for  readers — with  answers  and  discussion. 

PFT  Comer:  Like  Blood  Gas  Corner  but  involving  pulmonary  function 

testing. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner  and  PFT  Corner 

but  involving  pulmonary-medicine  radiography  and  including  one  or 

two  4  «  5  or  5  -  7  inch  prints  of  radiographs.  The  case  mu.st  be  real. 

Review  of  Book,  Film,  Tape,  or  Software:  Anyone  interested  in  writing 

a  review  can  discuss  it  with  an  editor. 

Editorial  Consultation  and 
Author's  &  Typist's  Kit 

To  di.scuss  a  writing  project,  write  to  Respiratory  Care,  1 1030  Abies 
Lane,  Dallas  TX  75229  or  call  214/243-2272. 

Authors  are  urged  to  obtain  the  Respiratory  Care  Author's  &  Typist's 
Kit.  The  Kit  provides  authors  with  specific  guidance  about  writing  a 
research  paper,  writing  a  case  report,  converting  to  and  from  SI  units. 


and  in-house  manuscript  review.  Typists  can  use  the  Kit's  Model 
Manuscript,  a  list  of  journal  name  abbreviations,  and  a  copy  of  these 
Instructions.  The  Kit  is  free  from  the  Journal  office. 

Preparing  the  Manuscript 
General  Concerns —  Typist 

•  Double-space  ALL  lines,  including  those  in  references,  figure  legends, 
and  tables.  Do  not  justify  right  margins. 

•  Number  pages  in  upper  right  corner  and  leave  margins  of  IVi"  or 
more  on  all  four  sides  of  the  page. 

•  For  research  articles,  follow  format  of  Model  Manuscript,  Respir  Care 
1984:29:182  (Feb  1984). 

•  Meticulously  follow  instructions  for  typing  references. 

General  Concerns — Author: 

•  Structure  manuscript  as  specified  hereafter. 

•  Provide  all  requested  information  on  title  page  as  specified  hereafter. 

•  Proofread  manuscript  for  completeness,  clarity,  grammar,  spelling; 
be  sure  all  references,  figures,  and  tables  are  cited  in  the  text. 

•  Consider  having  paper  reviewed  in-house  before  submission. 

•  Have  all  co-authors  proofread  and  approve  manuscript  and  sign 
submission  letter. 

Manuscript  Stmcture 

Most  kinds  of  papers  have  standard  parts  in  a  standard  order.  However, 
papers  can  vary  individually,  and  not  every  paper  will  have  all  the  parts 
listed  here. 

Research  Article:  Title  page,  abstract  page,  continuous  text  ( Introduction, 
Materials  &  Methods,  Results,  Discussion),  Product  Sources  page, 
Acknowledgments  page,  references,  tables,  figure  legends.  Please  consult 
"Writing  a  Research  Paper,"  Respir  Care  1985;30:1057  (Dec  1985) 
and  Model  Manuscript,  Respir  Care  1984;29:182  (Feb  1984). 
Evaluation  of  Device/Method/Technique:  Title  page,  abstract  page, 
continuous  text  (Introduction,  Description  of  Device/Method/Technique, 
Methods  of  Evaluation,  Results  of  Evaluation.  Discussion).  Product 
Sources  page.  Acknowledgments  page,  references,  tables,  figure  legends. 
Case  Report  or  Case  Series:  Title  page,  abstract  page,  continuous  text 
(Introduction.  Case  Summary,  Discussion),  Acknowledgments  page, 
references,  tables,  figure  legends.  Also  see  "How  To  Write  a  Better  Case 
Report,"  Respir  Care  1982:27:29  (Jan  1982). 

Review  Article:  Title  page.  Table  of  Contents  page,  continuous  text 
(Introduction.  History.  Review  of  Literature.  State  of  the  Art,  Discussion, 
Summary),  references.  May  include  figures  &  tables.  No  abstract.  Table 
of  Contents  optional.  Other  formats  may  be  appropriate. 
Overview,  Update,  Point  of  View,  or  Special  Article:  Title  page,  text 
(introduction,  message),  references,  tables,  figure  legends.  No  abstract. 
Letter:  Title  page  (provide  a  title),  text,  writer's  name  &  affiliation, 
references.  Tables  &  figures  may  be  included.  Double-space  everything. 
Write  "For  Publication"  on  title  page. 

Structure:  Important  Details 

Title  Page:  List  title  of  paper,  all  authors'  full  names,  degrees,  credential 
letters,  professional  positions,  and  affiliations.  List  correspondence  address, 
telephone  number,  and  repnnt  address  if  desired.  Name  sources  of  grants 
or  other  support.  Identify  any  author's  consulting  or  commercial 
relationships  that  pertain  to  the  paper's  topic. 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Abstract  Page:  Number  ihis  Page  1.  List  paper's  title  but  omit  authors' 
names.  Abstract  should  be  200  words  or  less  and  must  be  informative, 
briefly  specifying  main  points  of  paper,  such  as  methods,  results,  and 
conclusions  drawn. 

Statistical  Analysis:  In  research  articles,  identify  statistical  tests  and  chosen 
level  of  significance  in  the  Methods  section.  In  Results  section,  report 
actual  P  \alucs. 

Figures  (illustrations):  .Ml  photographs,  diagrams,  &  graphs  must  be 
numbered  as  Figure  1,  Figure  2,  etc,  according  to  the  order  in  which 
each  IS  first  mentioned  in  the  text.  Photographs  must  be  glossy  pnnts 
5  X  7  to  8  X  10  inches  and  should  be  black  &  white  unless  color 
is  essential.  Letters  and  numerals  must  be  neat  and  large  enough  to 
remain  legible  if  figure  is  reduced  in  size  for  publication.  Final  figures 
must  be  of  professional  quality,  but  "rough"  sketches  may  accompany 
the  submitted  manuscript,  with  final  figures  to  be  prepared  after  review. 
Identify  each  figure  on  back  with  a  stick-on  label  showing  figure  number 
and  arrow  indicating  top;  omit  author"s  name.  Cover  label  with  clear 
tape  so  ink  will  not  smudge  other  prints.  Supply  three  sets  of  unmounted 
figures.  If  figure  has  been  published  before,  include  copyright-holder"s 
written  permission  to  use  it. 

Figure  Legends:  List  figure  legends  on  a  separate  page,  not  on  figures. 
If  a  figure  has  been  published  before,  list  the  source  in  the  legend. 
Tables:  Type  each  table  on  a  separate  page,  .^void  more  than  8  columns 
across.  Continue  a  deep  table  on  following  pages.  Give  each  table  a 
number  and  descriptive  title,  placed  above  the  table.  Double-space  ALL 
lines  in  tables,  including  column  headings  and  footnotes. 
Drugs:  Brand  names  may  be  given,  but  always  also  show  generic  names. 
Units  of  Measurement:  In  addiuon  to  conventional  units  of  measure, 
show  SI  values  and  units  in  brackets  after  conventional  expressions:  ie, 
"'PEEP,  10  cm  H;0  [0.981  kPa]."'  For  conversion  to  SI,  see  Respiratory 
Care  1988;33:861-873  (Oct  1988). 

Commercial  Products:  If  three  or  fewer  commercial  products  are  named 
in  the  text,  list  the  manufacturer's  name  and  location  in  parentheses 
the  first  time  each  is  mentioned.  If  four  or  more  products  are  named, 
do  not  list  manufacturers  in  the  text;  in.stead,  name  the  products  and 
manufacturers  in  a  Products  Sources  list  at  the  end  of  the  text.  Provide 
model  numbers  when  available. 

Abbreviations:  Use  an  abbreviation  only  if  the  term  occurs  several  times 
in  the  paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
by  the  abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Do  not  create 
new  abbreviations  unless  absolutely  necessary 

References: 

•  Use  references  to  support  statements  of  fact,  indicate  sources  of 
information,  or  guide  readers  to  further  pertinent  literature. 

•  Cite  only  published  works — or  works  accepted  for  publication.  When 
listing  an  accepted  but  still  unpublished  work,  designate  the  accepfing 
journal's  name,  followed  by  "(in  pre.ss)." 

•  In  the  text,  cite  references  by  superscript  numerals  (half  space  above 
text),  not  in  parentheses.  The  first  reference  cited  in  the  text  is  number 
I,  the  next  is  number  2.  etc. 

•  In  the  reference  list,  place  the  cited  works  in  numerical  order. 

•  For  the  reference  list,  obtain  author  names,  article  and  book  titles. 
dates,  volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  secondary  sources  such  as  other  articles'  reference  lists, 
which  often  are  inaccurate. 

•  Type  references  in  medical-journal  style.  Examples  appear  at  the  end 
of  these  Instructions.  Abbreviate  journal  names  as  in  Index  Mcdicus. 
A  li.st  of  many  journal-name  abbreviations  was  published  in  Respir  Care 
1988:33:10.50  (Nov  1988), 

•  DOUBLE-SPACE  the  lines  of  references. 

•  List  ALL  authors'  names.  Do  not  use  "et  al""  to  substitute  for  names. 

•  Identify  abstracts,  editorials,  and  letters  as  such.  See  examples. 
Personal  Communications,  (Inpublished  Papers,  and  Unpublished 
Observations:  List  unpublished  items  in  parentheses  in  the  text,  not 
in  the  reference  list. 


Examples  of  How  To  Type  References 

Noles:  Although  the  examples  here  are  printed  with  single-spaced  lines, 
please  double-space  references  in  manuscripts.  Also,  note  that  words 
in  article  and  book  titles  are  not  capitalized — except  proper  names. 

Standard  Journal  Article: 

1.  Shepherd  KE,  Johnson  DC  Bronchodilator  testing:  An  analysis  of 
paradoxical  responses.  Respir  Care  1988:33:667-671. 

Corporate  Author  Journal  Article: 

2.  American  Association  for  Respiratory  Care.  Criteria  for  establishing 
units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33:1044-1046. 

Article  in  Journal  Supplement: 

(Journals   differ    in    their    methods   of  numbering   and    identifying 

supplements.  Supply  sufficient  information  to  allow  retrieval.) 

3.  Reynolds  HY,  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3.  suppl):  139s- 1 43s. 

Abstract  in  Journal: 

(Abstracts  are  not  strong  references;  when  possible,  full  papers  should 

be  cited.  When  cited,  abstracts  should  be  identified  as  such.) 

4.  Lippard  DL.  Myers  TF.  Kahn  SE.  Accuracy  of  pulse  oximetry  in 
severely  hypoxic  infants  (abstract).  Respir  Care  1988:33:886. 

Editorial  in  Journal: 
.S.  Rochester  DF.  Does  respiratory  muscle  rest  relieve  fatigue  or  incipent 
fatigue'  (editorial).  Am  Rev  Respir  Dis  1988;138:516-517 
Letter  in  Journal: 

6.  Smith  DE,  Herd  D,  Gazzard  BG.  Reversible  bronchoconstriction 
with  nebulised  pentamidine  (letter).  Lancet  1988:2:905. 

Personal  Author  Book: 

7.  Nunn  JF.  Applied  respiratory  physiology.  New  York:  Appleton- 
Century-Crofts,  1969. 

Noie:  To  specify  pages  cited  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples:   1969:85  (one  page),   1963:85-95 
(series  of  contiguous  pages),  1963:85,95  (separated  pages). 
Corporate  Author  Book: 

8.  American  Medical  Association  Depariment  of  Drugs  .'VMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Book  with  Editor,  Compiler,  or  Chairman  as  "Author": 

9.  Guenlcr  CA,  Welch  MH.  eds.  Pulmonary  medicine.  Philadelphia: 
JB  Lippincott.  1977. 

Chapter  in  Book: 

10    Pierce  .\K    .Acute  respiratory  failure.  In:  Guenter  CA.  Welch  MH, 

eds.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott,   1977:171- 

223. 

Submitting  the  Manuscript 

After  preparing  the  manu.script  according  to  these  Instructions,  perform 
a  final  proofreading  and  check  for  accuracy  and  completeness.  Then 
mail  three  copies  of  the  manuscnpt  and  three  sets  of  figures  to 
Respiratory  Care.  1 1030  Abies  Lane.  Dallas  TX  75229  (or  Federal 
Express  to  Respiratory  Care,  11030  Abies  Lane.  Dallas  TX  75229). 
Manuscript  copy  on  IBM-compatible  or  Macintosh  disks  in  addition 
to  the  requisite  three  hard  copies  will  facilitate  proces.sing  (Macintosh 
preferred)  Enclose  a  letter  as  specified  under  General  Requirements 
at  the  beginning  of  these  Instructions.  Do  not  submit  material  that  has 
been  published  or  is  being  considered  elsewhere. 

Author's  Checklist 

1.  Is  paper  for  a  listed  publication  category'? 

2.  Does  cover  letter  meet  specifications? 

3.  Is  title  page  complete'.' 

4.  Are  all  pages  double-spaced  and  numbered? 

5.  Are  all  references,  figures,  and  tables  cited  in  the  text? 

6.  Arc  references  typed  in  requested  style'' 

7.  Have  SI  values  been  provided? 

8.  Has  all  arithmetic  been  checked? 

9.  Has  manuscript  been  proofread  by  all  authors? 
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THE  IMPACT  OF  THE  FUTURE  -  TODAY! 


BHb, 


II 


OEE«5 


-rEO^.: 


Uni-Vent  is  a  full  spectrum  critical 
care/trauma/transport  ventilator.  Its 
"smart"  interactive  design  safely  protects, 
monitors  and  provides  your  patient  witli  a 
wide  range  of  ventilatory  care  features. 

Uni-Vent^"^  includes  multiple  operating 
modes,  alarms  and  displays  and  weigfis 
just  9-lbs!  Its  Assist-Control  and  SIMV 
modes,  and  optional  electronic  demand 
valve  -  are  all  PEEP  compensated  to 
reduce  your  patients'  work-of-breathing. 
Gas-  conserving  electronics  provide  con- 
sistency, dependability  and  insure  the 
maximum  benefit  from  availat>le  portable 
gas  sources  -  a  must  for  transport  applica- 
tions! 

Uni-Vent^*^:  for  your  emergency, 
recovery,  critical  care  and  transport 
needs! 

Circle  1 11  on  reader  service  card 


IMPACT  MEDICAL  CORP.  27  Fairfield  Place,  P.O.  BOX  508.  WEST  CALDWELL.  NJ  07006     201/882-1212 


Blood  Gas  Study  Packages 


Patient  Evaluation 


n  Arterial  Blood  Gas  Interpretation 
Item  PEIO-SIO 

Describes  a  systematic  method  that  allows  you 
to  correctly  classify  the  acid-base  dysfunction 
and  to  relate  the  diagnosis  concisely  and 
coherently  to  other  members  of  the  health  care 
team. 

n  Sources  of  Error  in  the  Determination  of 
Blood  Gas  Values  and  pH 
Item  PE7-$10 

D  Temperature  Adjustment  of  Blood  Gases  and 

pH 

Item  PE8-$10 


Shipping  is  $2  for  the  first  copy  and  25$  for 
each  additional  copy. 

Credit  card  orders  may  call  (214)  243-2272. 
To  place  an  order,  mail  the  completed  order 
blank  below  to:  A  ARC,  1 1030  Abies  Lane, 
Dallas,  TX  75229 


Name    _ 
Address 


Check  appropriate  boxes: 

DPEIO-SIO     n  PE7  -  $10     nPE8-$10 
Shipping:  $  Total:  $  


Mail  to:  American  Association  for  Respiratory  Care 
1 1030  Abies  l^ne,  Dallas,  TX  75229 
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IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate,  USP) 
Solution  for  Inhalation 


Unit  Dose  0.083%* 
0.5%*  20  mL  bottle 

"Potency  expressed  as  albuterol 


DESCRIPTION  PROVENTIL.  brand  o(  alBulerol  sulfate,  Solution  lor  Inhala- 
tion. IS  a  felalively  selective  t)eta-adrenergic  bronchodilator  (see  CLINICAL 
PHARMACOLOGY  section  below)  Albuterol  sullale  has  the  chemical  name 
a'-[(fer/-Butylamino)  metriyl]-4-hydroxy-m-xylene-a.a'-diol  suHate  (21) 
(sail),  and  (he  lollowmg  chemical  structure: 


"HCH;NHC(CHj)j 
OH 

—■2 

Albuterol  sullale  tias  a  molecular  weight  ol  576  7  and  Ihe  empirical  lormula 
(Ct3H2iN03);*H2SOj  Albuterol  sultate  is  a  white  crystalline  powder,  soluble  in 
water  and  slightly  soluble  m  ethanol 

The  tnternational  generic  name  lor  albuterol  base  is  salbutamol 

PROVENTIL  Solution  tor  Inhalation  is  a\ailable  m  two  concentrations  The 
0.5%  solution  IS  m  concentrated  lorm  Dilute  0  5  ml  ot  the  solution  to  3  mL 
with  normal  salme  solution  prior  to  administration  The  0083%  solution  re- 
quires no  dilution  prior  to  administration 

Each  mL  ot  PROVENTIL  Solution  for  Inhalation  (05%)  contains  5  mg  ol 
albuterol  (as  60  mg  ol  albuterol  sulfate)  m  an  aqueous  solulion  coniainmg 
bwizalkonium  chloride,  sulluric  acid  is  used  to  adjust  the  pH  between  3  and  5 
PROVENTIL  Solution  for  Inhalation  (0  5%)  contains  no  sullitmg  agents  It  is 
supplied  m  20  mL  bottles 

Each  mL  of  PROVENTIL  Solution  lor  Inhalation  (0  083%)  contains  0  83  mg 
of  albuterol  (as  1 0  mg  of  albuterol  sulfate)  m  an  isotonic  aqueous  solution 
containing  sodium  chlonfle  and  benzalkomum  chloride,  sulfuric  acid  is  used  to 
adiust  the  pH  between  3  and  5  PROVENTIL  Solution  lor  Inhalation  (0  083%) 
contains  no  sulfitmg  agents  li  is  supplied  m  3  mL  bottles  tor  unit-dose 
dispensing 

PROVENTIL  Solution  for  Inhalation  is  a  clear,  colorless  to  light  yellow 
solution 

CLINICAL  PHARMACOLOGY  The  prime  action  ol  beta-adrenergic  drugs  is 

to  stimulate  aOenyi  cyclase,  the  enzyme  which  catalyzes  the  formation  of 
cyclic-3',5'-adenosine  monophosphaie  (cyclic  AMP)  from  adenosine  triphos- 
phate (ATP)  The  cyclic  AMP  thus  lormed  mediates  the  cellular  responses  In 
vitro  studies  and  m  vivo  pharmacologic  studies  have  demonstrated  that  albuterol 
has  a  preferential  effect  on  beta^-adrenergic  receplors  compared  with  isoprotere- 
nol While  it  IS  recognized  Ihatbelai-adrenergic  receplors  are  the  predominant 
receplors  m  bronchial  smooth  muscle,  recent  data  indicate  that  10  to  50%  of  the 
beta  receplors  m  the  human  heart  may  be  betaj  receplors  The  precise  function 
of  these  receptors,  however,  is  not  yet  established  Albuierol  has  been  shown  in 
most  controlled  clinical  trials  to  have  more  eilect  on  the  respiraiory  tract,  in  ihe 
form  ol  bronchial  smoolh  muscle  relaxation,  than  isoproterenol  at  comparable 
doses  while  producing  fewer  cardiovascular  effects  Controlled  clinical  studies 
and  other  clmicai  experience  have  shown  that  inhaled  albuterol,  like  other  beta- 
adrenergic  agonist  drugs,  can  produce  a  significant  cardiovascular  eilect  m 
some  palients.  as  measured  by  pulse  rate,  blood  pressure  symptoms,  and/or 
ECG  changes 

Albuterol  is  longer  acting  than  isoproterenol  m  most  patients  by  any  route  of 
administration  because  it  is  not  a  subslrale  lor  the  cellular  uptake  processes  lor 
catecholamines  nor  lor  catechol-0-methyl  iranslerase 

Studies  in  asthmatic  patients  have  shown  that  less  than  20%  of  a  single 
albuterol  dose  was  absorbed  lollowmg  either  IPPB  or  nebulizer  administration, 
the  remaining  amount  was  recovered  from  the  nebulizer  and  apparalus  and 
expired  air  Wosi  ol  the  absorbed  dose  was  recovered  m  the  urine  24  hours  after 
drug  administration  Following  a  3  0  mg  dose  ol  nebulized  albuterol  tfie  max- 
imum albuterol  plasma  level  at  0  5  hour  was  2  1  ng,'mL  (range  1  4  to  3  2 
ng.mL)  There  was  a  significant  dose-related  response  m  FEV,  and  peak  Itow 
rate  (PFR)  It  has  been  demonslraled  Ihal  following  oral  administration  of  4  mg 
albuierol.  the  elimination  halt-life  was  5  to  6  hours 

Animal  studies  show  that  albuterol  does  not  pass  the  blood-bram  barrier 
Recent  studies  in  laboratory  animals  (minipigs.  rodents,  and  dogs)  recorded  Ihe 
occurrence  ol  cardiac  arrhythmias  and  sudden  death  (with  histologic  evidence  of 
myocardial  necrosis)  when  beta-agonists  and  methyl  xanthines  were  admin- 


istered concurrenlly  The  significance  ol  these  findings  when  applied  lo  humans 
IS  currently  unknown 

In  controlled  clinical  trials,  most  patients  exhibited  an  onset  ol  improvement 
in  pulmonary  function  within  5  minutes  as  determined  by  FEV,  FEV,  measure- 
ments also  showed  that  the  maximum  average  improvement  m  pulmonary 
function  usually  occurred  at  approximately  l  hour  lollowmg  inhalation  ol  2  5  mg 
of  albuterol  by  compressor -nebulizer,  and  remained  close  to  peak  lor  2  hours 
Clinically  sigmlicant  improvement  m  pulmonary  function  (defined  as  mainte- 
nance ol  a  15%  or  more  increase  m  FEV,  over  tiaseline  values)  continued  tor  3 
to  4  hours  m  most  patients  and  m  some  patients  continued  up  to  6  hours 

In  repetitive  dose  studies,  continued  ellectiveness  was  demonstrated 
throughout  the  3-month  period  of  trealmeni  in  some  patients 

INDICATIONS  AND  USAGE  PROVENTIL  Solution  lor  Inhalation  is  indicated 
for  Ihe  relief  of  bronchospasm  m  patients  with  reversible  obstructive  ainway 
disease  and  acute  attacks  ol  bronchospasm 

CONTRAINDICATIONS  PROVENTIL  Solution  for  Inhalation  is  contraindi- 
c^leo  in  palients  with  a  history  ol  hypersensitivity  to  any  ol  its  components 

WARNINGS  As  with  other  inhaled  beta-adrenergic  agonists,  PROVENTIL 
Solution  for  Inhalation  can  produce  paradoxical  bronchospasm.  which  can  be 
lite  threalening  if  it  occurs,  the  preparation  should  be  discontinued  immediately 
and  alternative  therapy  instituted 

Fatalities  have  been  reported  m  association  with  excessive  use  ot  inhaled 
sympathomimetic  drugs  and  with  the  home  use  of  sympathomimetic  nebulizers 
II  IS.  therefore,  essential  Ihat  the  physician  mstrucl  the  patieni  m  ihe  need  tor 
further  evaluation  i!  his/her  asthma  becomes  worse  In  individual  patients,  any 
beta^-adrenergic  agonist,  including  albuterol  solution  for  inhalation,  may  have  a 
clinically  significant  cardiac  eflecl 

Immediate  hypersensitivity  reactions  may  occur  alter  administration  of  al- 
buterol as  demonsirated  by  rare  cases  ol  urticaria,  angioedema,  rash,  bron- 
chospasm, and  oropharyngeal  edema 

PRECAUTIONS  General:  Albuterol,  as  wilh  all  sympathomimetic  amines, 
should  be  used  with  caution  m  patients  with  cardiovascular  disorders,  especially 
coronary  insutliciency,  cardiac  arrhythmias  and  hypertension,  m  patients  with 
convulsive  disorders,  hyperthyroidism  or  diabetes  mellilus,  and  m  patients  who 
are  unusually  responsive  lo  sympathomimetic  amines 

Large  doses  of  intravenous  albuierol  have  been  reported  to  aggravate  preex- 
isting diabetes  mellitus  and  ketoacidosis  Additionally,  beta-agonists,  including 
albuterol,  when  given  intravenously  may  cause  a  decrease  m  serum  potassium, 
possibly  through  intracellular  shunting  The  decrease  is  usually  iransient,  not 
requiring  supplementation  The  relevance  ol  Ihese  observations  to  the  use  ol 
PROVENTIL  Solution  lor  Inhalation  is  unknown. 

Information  For  Patients:  The  action  ol  PROVENTIL  Solution  lor  Inhala- 
tion may  last  up  to  6  hours  and  therefore  il  should  not  be  used  more  Irequently 
than  recommended  Do  not  increase  the  dose  or  Ireguency  ot  medication  withoul 
medical  consullation  II  symptoms  get  worse,  medical  consultation  should  be 
sought  promptly  While  taking  PROVENTIL  Solution  lor  Inhalation,  other  anli- 
asthma  medicines  should  not  be  used  unless  prescribed 

Drug  Interactions:  Other  sympathomimetic  aerosol  bronchodilalors  or  epi- 
nephrine should  not  be  used  concomilantly  with  albuterol 

Albuterol  should  be  administered  with  extreme  caution  to  patients  being 
treated  with  monoamine  oxidase  inhibitors  or  tricyclic  am i depressants,  since  the 
action  ol  albuterol  on  Ihe  vascular  system  may  be  potentiated 

Beta-receptor  blocking  agents  and  albuterol  inhibit  the  eilect  of  each  other 

Carcinogenesis.  Mutagenesis,  and  Impairment  of  Fertility:  Al- 
buterol sulfate,  like  other  agenis  m  ils  class,  caused  a  significant  dose-related 
increase  m  the  incidence  ol  benign  leiomyomas  ol  the  mesovarium  m  a  2-year 
study  in  the  rat,  at  oral  doses  corresponding  lo  10.  50.  and  250  times  the 
maximum  human  nebulizer  dose  In  anolher  study.  Ihis  effect  was  blocked  by  the 
coadministration  ol  propranolol  The  relevance  ol  Ihese  lindmgs  lo  humans  is 
not  known  An  18-monlh  study  m  mice  and  a  hletime  study  m  hamsters  revealed 
no  evidence  ot  tumongenicity  Studies  with  albuterol  revealed  no  evidence  ot 
mutagenesis  Reproduction  studies  m  rals  revealed  no  evidence  ol  impaired 
fertility 

Teratogenic  Effects-Pregnancy  Category  C:  Albuterol  has  been  shown 
to  be  teratogenic  m  mice  when  given  subcutaneously  m  doses  corresponding  to 
Ihe  human  nebulizalion  dose  There  are  no  adequate  and  well-controlled  studies 
m  pregnant  women  Albuterol  should  be  used  during  pregnancy  only  it  Ihe 
potential  benefit  luslities  the  potential  nsk  lo  the  fetus  A  reproduction  study  m 
CD-I  mice  with  albuterol  (0025.  0  25,  and  2  5  mg.'kg  subcutaneously.  corre- 
sponding to  01,  1.  and  12  5  limes  the  maximum  human  nebulization  dose, 
respectively)  showed  cleft  palate  formation  m  5  of  111  (4  5%)  ol  fetuses  al  0  25 
mg.  kg  and  m  10  ot  108  (9  3%)  ot  feluses  at  2  5  mg.  kg  None  were  observed  al 
0.025  mg/kg  Clell  palate  also  occurred  in  22  ol  72  (30  5%)  ol  letuses  Heated 
with  2  5  mg'kg  isoproterenol  (positive  control)  A  reproduction  study  in  Stride 
Dutch  rabbits  revealed  cramoschisis  in  7  ol  19  (37%)  ot  letuses  at  50  mg.kg. 
corresponding  lo  250  times  the  maximum  human  nebulization  dose 

Labor  and  Delivery:  Oral  albuterol  has  been  shown  to  delay  preterm  labor 
in  some  reports  There  are  presently  no  well-conlrolled  sludies  which  demon- 
strate that  It  will  slop  preterm  labor  or  prevent  labor  al  lerm  Therelore,  cautious 
use  ot  PROVENTIL  Solution  lor  Inhalation  is  required  m  pregnant  patients  when 
given  tor  relief  ol  tjronchospasm  so  as  to  avoid  interference  with  uterine 
conlraclibility 

Nursing  Mottiers:  It  is  not  known  whether  this  drug  is  excreted  m  human 
milk  Because  ot  the  potential  for  tumorigenicity  shown  lor  albuterol  m  some 
animal  studies,  a  decision  should  t>e  made  whether  lo  discontinue  nursing  or  lo 


discontinue  Ihe  drug  taking  mlo  aaount  the  importance  ol  Ihe  drug  lo  the 
mother 

Pediatric  Use:  Safety  and  efleciiveness  ot  albuterol  solution  tor  inhalation 
in  children  below  Ihe  age  of  12  years  have  not  been  established 
ADVERSE  REACTIONS    The  results  ol  clinical  trials  with  PROVENTIL  Solu- 
tion tor  Inhalation  in  135  patients  showed  Ihe  following  side  eltects  which  were 
considered  probably  or  possibly  drug  related 

Central  Nervous  Syslem   tremors  (20%).  dizziness  (7%).  nervousness  (4%), 
headache  (3%),  insomnia  (1%) 
Gaslrointeslinal  nausea  (4%),  dyspepsia  (1%) 
Ear.  Nose  and  Throat  pharyngitis  (<  1%),  nasal  congestion  (1%) 
Cardiovascular  lachycardia  (1%),  hypertension  (1%) 
Respiratory  bronchospasm  (8%).  cough  (4%).  bronchitis  (4%).  wheezing  (1%) 

No  clinically  relevant  laboratory  abnormalities  related  to  PROVENTIL  Solu- 
tion tor  Inhalation  administration  were  determined  in  these  sludies 

In  comparing  Ihe  adverse  reactions  reported  lor  patients  treated  with 
PROVENTIL  Solution  lor  Inhalation  with  those  ol  palienis  treated  with  isoproter- 
enol during  clinical  irials  of  3  months.  Ihe  lollowmg  moderate  to  severe  reac- 
tions, as  lodged  by  the  investigators,  were  reported  This  table  does  not  include 
mild  reactions 

F^rcenl  Incidence  ol  Moderate  To  Severe  Adverse  Reactions 


Reaction 

Albuterol 

isopro!^ 

Central  Nervous  System 

Tremors 

Headache 

Insomnra 

10  7% 
31% 
31% 

13  8% 
15% 
15% 

Cafdlovascuiar 

Hypenensron 
ArrfrylJimias 
"Palprtatron 

31% 
0% 
0% 

31% 
30% 
220% 

Respiratory 

•Bronchospasm 

Cough 

Bronchrirs 

Wheeze 

Sputum  Increase 

Dyspnea 

154% 
31% 
15% 
15% 
15% 
15% 

18% 
5% 
5% 
15% 
15% 
15% 

Gastrointestinal 

Nausea 
Oysoeosra 

31% 
15% 

0 
0 

Systemic 

Malaise 

15% 

0 

*ln  most  cases  ol  bronchospasm,  Ihis  lerm  was  generally  used  to  describe  exacerba- 
tions in  Ihe  underlying  pulmonary  disease 
"The  linding  ol  no  arrhythmias  and  no  patpitahons  alter  albuierol  administration  in 

Ihis  clinical  study  should  nol  be  mierpreleO  as  indicating  thai  Ihese  adverse  eflecls 

cannol  occur  alter  the  admmislialion  ol  inhaled  albuterol 

Rare  cases  ol  urticaria,  angioedema,  rash,  bronchospasm,  and 
oropharyngeal  edema  have  been  reported  alter  the  use  of  inhaled  albuterol 
OVERDOSAGE    Manitestalions  of  overdosage  may  include  anginal  pain,  hy- 
pertension, hypokalemia,  and  exaggeration  of  the  pharmacological  eflecls  listed 
in  ADVERSE  REACTIONS. 

The  oral  LDsq  m  rats  and  mice  was  greater  than  2.000  mg/kg  The  mhala- 
tional  LD50  could  not  be  determined 

There  is  msutficient  evidence  to  determine  if  dialysis  is  beneficial  tor  over- 
dosage ol  PROVENTIL  Solution  tor  Inhalation 

DOSAGE  AND  ADMINISTRATION  The  usual  dosage  for  adults  and  chil- 
dren 12  years  and  older  is  2  5  mg  of  albuterol  administered  3  lo  4  limes  daily  by 
nebulization  More  trequenl  administration  or  higher  doses  is  not  recommended 
To  adminisler  2  5  mg  ol  albuterol,  either  dilule  0  5  mL  ol  the  0  5%  solution  for 
inhalation  lo  a  total  volume  of  3  mL  with  normal  saline  solution,  or  administer 
Ihe  conlenis  ol  one  unit-dose  boltle  (3  mL  ot  0  083%  nebulizer  solution)  by 
nebulization.  The  How  rale  is  regulated  to  suit  Ihe  particular  nebulizer  so  Ihal  Ihe 
PROVENTIL  Solution  for  Inhalalion  will  be  delivered  over  approximately  5  to  15 
minutes 

The  use  of  PROVENTIL  Solution  for  Inhalation  can  be  continued  as  medically 
indicated  to  control  recurring  bouls  ot  bronchospasm  During  treatment,  most 
patients  gam  opiimum  benelit  from  regular  use  ol  the  nebulizer  solution 

11  a  previously  elleclive  dosage  regimen  tails  to  provide  the  usual  rehet 
medical  advice  should  be  sought  immediately,  as  this  is  olten  a  sign  ol  seriously 
worsening  asthma  which  would  require  reassessment  ol  therapy 
HOW  SUPPLIED  PROVENTIL  Solution  lor  Inhalation.  0  5%.  is  a  clear,  color- 
less lo  light  yellow  solution,  and  is  supplied  m  bottles  ol  20  mL 
(NDC-0085-020B-02)  with  accompanying  calibrated  dropper,  boxes  ot  one 
Store  between  2°  and  25°C  (3r  and  IVf). 

PROVENTIL  SolLjlion  tor  Inhalation.  0  083%,  is  a  clear,  colorless  lo  light 
yellow  solution  and  is  supplied  m  uml-dose  bottles  ol  3  mL  each,  boxes  ot  25 
(NDC-0085-0209-01 )  Store  between  2°  and  25°C  (36"  and  77*F). 
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THE  ONLY  UNIT  DOSE 
ALBUTEROL  SULFATE 


IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate,  USP) 

Solution  for  Inhalation 


UnttDose0.0837o- 
0.5%' 20  mL  bottle 

'Potency  expressed  as  albuterol 


Please  see  (ull  prescribing 
Information  on  adiacent  page. 
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